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1.1 


Units, MEASUREMENTS AND 


DIMENSIONS 


a eee, mee nena enna 


IMPORTANT FACTS AND FORMULAE. 


Formula for Plane Angle 
———— 


The angle subtended at the centre of a 
circle of radius r by an arc of length / is given by 


6 =— radian 
r- 


Formula for Solid Angle 
——— 

The solid-angle subtended at the centre of 
asphere of radius r by an area AS on the surface 
of the sphere is given by : 


A= s steradian 
r 


Formula for Conversion from One System 
hanes cae a Se Nalini a Ea 


of Units to Another 


Consider a physical quantity whose 
dimensional formula is [M@L'T*]. Let n, be its 
numerical value in a system of fundamental units 


M,,L, and T,. Then the magnitude of the physical 


- quantity in this system is n, (M,°L,T;‘I. 


‘Let n, be the numerical value in another 
systém of fundamental units M,, L, and T,. The 
magnitude of the physical quantity in this sys- 
tem is n, (M,°L,’T,‘]- 

Since the value of the physical quantity is _ 
the same in all systems, : 


ng(MeL,'T,'] =n,(M,"L,°T,) 


This equation is to be used only after ex- 
pressing the given quantity in absolute units. 


FP Do not use this formula 


if the given quantity is in gravitational 
_ units. ‘ 
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rt. | Selected Multiple Choice Questions 


Choose the corree! 
ing questions = 


1. Einstein was awarded Nobel Prize for his 
work in 
(a) photoelectric effect 
(b) special theory of relativity ~ 
(c) general theory of relativity 
{d) none of these. 
2. The dimensions of energy and torque 
respectively are 
(a) ML?7™? and MiL*T-* 
(6) MLT? and ML?T? 
+(e) ML*T? and MLT? 
(d) MLT? and MLT-?. 
3. One second is defined to be equal to 
(a) 1650763.73 periods of the Krypton clock 
(b) 652189,63 periods of the Krypton clock 
(c) 165076373 periods of the Cesium clock 
(d) 9192631770 periods of the Cesium clock. 
4. Nm%Jkg? is unit of “ 
(a) torque 
(&) gravitational constant 
(c) permittiv.- (electrical) 
(d) Surface tension, 
5. Unit of impulse is 
(a) ML?T (b) MLT-? 
(c) ML“IT-! (d) MLT™!, 
6, Which of the following quantities can be 
written in SI units in kg m? s3 A-2? 
(a) Resistance (6) Inductance 
(c) Capacitance (d) Magnetic flux. 
7. Density of water is 1 g cm~ in cgs units, 
What is its density in SI units 7 
(a) 10-9 kg/m? (6) 103 kg/m? 
(e) 1 kg/m? (d) 0.1 kg/m’. 
8.- Tae maxvell is the unit of 
(a) magnetic susceptibility 
(hw tensily of magnetisation 
tc) magnetic flux 
(d) magnetic permeability. 
9. Which is dimensionless ? 
(a) force/acceleration 
(4) velecity/agceleration 


tanswer from the four alternatives given in each of the fotto, 
. to. 


(c) volume/area 

(d) energy/work, 

Potentiol is measured in 

(a) joule/coulomb (6) watUcoulomb 

(c) newton-second 

(d) newton or none of these, 

11, What is the dimension i 
Waal's gas equation ? ofa in’ Van der 
(a) atm litre"? (6) atm litre 
(c) atm litre! (d) atm litre? 

12, Which one is nota dimensional constant? 
(a) acceleration duc to-gravity 


10. 


(b) surface tension of water 
(c) velocity of light 
(d) Reynold's number, 
"13, Dimensions of Angular Momentum are 


(a) MLT? (6) ML 

() MLT2 (d) MPT. ‘ 
14, What are the dimensions of Action ? 

(a) M?LT3 (6) MLT! 

(c) MLT (d) MU, 


15. Dimensions of Magnetic Flux are 


(a) ML?T-? (6) M@L?T-24-1 

(c) M°LT-'A-t (d) none of these, 
16. 1 meV is 

(a) 1.6 x 10-19 J (6) LE x 10-72 J 


(c) 1.6 x 10-16 J (d) 1.6 x 10° J. 


17. Units of coefficient of viscosity are 
(a) N ms“! (6) N m?s"! 
()Nm?s (d) none of these. 
18, Unit of power is ‘ ; 
(a) kilowatt hour (b) kilowatt per hour 
(c) kilowatt. (d) erg. 
19. ' Dimensions of torque are 
(a) MLT* (6) ML?T-? 
() ML? (d) MLT*), 


20. SI unit of surface tension is 
(a) degrees/em (b) Nim 
(c) N/m? *(d) Nm, 


- 


| 
| 1 pALASUREMENTS AND DIMENSIONS 
pein, AE 


IpkWh, kW, MN are made fundamental 


21+ Fit, then what will be the units of length 


and time? 
(a) 5.6 m, 3600 8 (6) 0.36 m, 360 4 
(c)1m, 10's (d) 0.54m, 1 9. 


Using mass (M), length (L), time (T) and 
electric current (A) a5 fundamental quan- 
‘Lities, the dimensions of permittivity will 
be 

(a) [M2L72T -2A7} 
{c) [ML A} 
The density of water is equal to 


22. 


(b) (MLT-1A74} 
(d) (MLT A“. 


23. 
(a) 1079 kg m> (b) 10 kg or? 
| (c) 107 kg m™ (d) 10% kg mr? 
} 24. One atmospheric pressure is equal to 
(a) 10" N m4 (b) 107 N mo? 
| (c) 10° Nm? (d) 10° Nm. 
25. Which of the following is a dimensional 
constant ? 
(a) refractive index (6) dielectric constant 
(c) relative density 
| (d) gravitational constant. 
F 26, What is the dimensional formula of 


coefficient of linear expansion ? 
(a) (ML°T?K-4] (b) IMLT-?K-""] 
(c) [MOL°TK"') (d) (M°LOT°K"4}. 
27. Thedimensional formula of magnetic per- 
meability-is 
(a) (M°L"T] (b} [M°L?T™!] 
(c) (M°L2T-1A7} (d) [MLT“A~?). 
28. Energy per unit volume represents. 


| (a) Pressure (b) Force 
(c) Thrust (d) Work. . 
| 29. Which of the following is not a unit of 
energy ? 
(a)Ws (b) kg ms? 
()Nm (d) joule. 


30. The radio-active decay constant has the 
same dimensional formula as 
| (a) mole (6) frequency 
| (c) time (d) mass. 

31. [M'L-?T-?] represents dimensional for- 
mula of which of the following physical 
quantities ? 

(a) energy 
(c) torque . 


(b) pressure 
(d) pressure gradient. 


32. The density of wood in 05 


g cm” in ces 
nyatem of units. The corresponding value 
in SL units is 
(a) 5000 


(b) 500 


() 5 {d) 0.5. 


33. The unit of electrical permittivity of free 


space E, is 
(a)C N-' or! (b) Nm? C7? 
(c) CEN mw? (d) C2 NF we? 


34, What isthe SI unit of permeability ? 


(a) henry per metre 
(b) tesla metre per ampere 
(c) weber per ampere metre 
(d) All of these. 


35. The velocity ofa body is given by the equa- 


tion : 

+ct? +dt) 

‘The dimensional formula of bis 
(a) [MOLT (b) (MLOT") 
(c) (MPL°T) (d) (MLT"4}, 


v= 


2 
t 


36. One poise is equal to 


(b) 0.1. N sm? 
(d)10N sm. 


(a) 1Nsm? 
(0.01 Ns m7 


37. The quantity having dimensions—2in the 


time is 

(a) force (b) pressure 
(c) gravitational constant 

(d) all of these. 

38. In the equation (P 4 <) (-b)=RT 
the SI unit ofa is 
(a) Nn? (b) N mn* 

{c) Nm (d) Nm? 

39. A spherometer has 250 equal divisior 
marked along the peripheri ofits disc ar 
one full rotation of the dise advances ¢ 
the main scale by 0.0625 cm, The lea 
count of the system is 
(a) 2.5 x 104 cm (6) 25 « 10% cm 
(c) 2.5 x 10% cm (d) none of these. 

40. In the equation § =a sin (wt — kx), t 
dimensional formula of w is 
(a) [M°L°T-"] (b) [M°L'T"1] 
(c) [ML°T°) (d) [M°L!T9]. 
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43. Avernicr calli 


ional formula of kis 
(b) (MSLTI 

@ PCLT. 

onal formula of oyk is 
(b) [NLT] 

(@) NLT). 

per has its main scale of 10 
cm equally divided into 200 equal parts. 
Its vernier scale of 25 divisions coincides 
with 12 mm on the main scale. The least 
count of the instrument is 

(2) 0.020 em. (8) 0.002 em 

(<) 0.010 em (d) 0.001 an. 


41, InQ@.40, the dimensi 
(a) (LT 
() [NLT] j 
42. InQ.40, the dimensi 
(a) BOLT") 
(2) INALTT 


44. Which of the following cannot be regarded 


as an essential characteristic of unit of 


measurement ? 
(a) Insccessibility (b) Indestructibility 
(c)Invariability -_(d) Reproducibility. 


45. The vernier of a circular scale is-divided 


into 30 divisions which coincide against 
29 main scale divisions. Each main scale 


division is z . The least count of the in- 


* strument is ’ 
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46. 


47, 


48. 


ce) (Objective) 


(a) 30° () 10" 
()1" (d) 0.1", 
To measure tho radius of curvature 


a spherometer, we use the formula e 


oo p 
(@)R=—+>  ()Ra yh 
6 1 Gh’ a 
2h 2? 5 
OR= 3 +5 GR +e. 


The physical quantity that has a ratio of 
10° between its SI unit and egs unit, is 
(c) Young’s modulus (b) Boltzmann constant 
(c) Planck's constant 

(d) Universal gravitational constant. 

In a vernier callipers, ten smallest divi- 
sions of the vernier scale are equal toning 
smallest division on the main scale, If the 


-smallest division on the main scale is half 


millimetre, then the vernier constant is 
(c) 0.6 mm (6) 0.1.mm 
() 0.05 mm (d) 0.005 mm. 


UNITS. MEASUREMENTS AND DIMENSIONS 


mm Questions for Self Assessment 


Indicate the correct choice among the following options (a), (b), (c) and (d). 


1, In the equation X = 3YZ?, X and Z have 
dimensions of capacitance and magnetic 
induction respectively. In MKSQ system, 
the dimensional formula of Y is 
(a) (MAL“T?Q-4] (b) [ML-3] 

(c) [M3L2Q!T4] (d) [M>L-7Q°T4]. 
2. Coefficient of thermal conductivity has the 


dimensions 
(a) [MLT3K-'] (b) [ML?T?K2} 
(c) ML°TK-*] (d) [M7L°T KJ. 


3. Consider a new system of units in whiche 
(speed of light in vacuum), h (Planck's con- 
stant) and G (gravitational constant) are 
taken as fundamental units. Which of the 
following would correctly-represent mass 
in this new system ? 


Te [ee 

i— (b) J— 
(a) e ) ; 
© fae "die. 


¢ 
4A rectangular beam which is supported at 
its two ends and londcd in the middle with 
weight W sags by an amount 6 such that 


we : 
b= ner , where I, d and Y represent 


length, depth and elasticity respectively. 
Guess the unknown factor using dimen- 
sional considerations. 

(a) breadth (b) (breadth)? 

(c) (breadth? (d) mass. 

5, The main scale‘ofa spectrometer is divided 
into 720 divisions in all. If the vernier scale 
consists of 30 divisions; the least count of 

“the instrument is ° 
(Given : 30 vernier divisions coincide with 
29 main scale divisions.) . 
(a) 0,1° (b) 1" 
(c) (d) 0.1", 

6. The dimensions of (velocity)? + radius are 
the same as those of 
(a) Planck's constant 
(6) gravitational constant 


(c) dielectric constant 
(d) none of these. 
7. The dimensional formula of magnetic in- 


duction B is 
(a) PAPALTY (b) (MPAL“'T?} 
(2) [M°AL?7T7} (d) [MLOT7A“"], 
8. The dimensional formula for entropy is 
(a) [MLT?K""] (b) [ML?7T-7] 
(c) (ML?T?K-!] (d) (ML? TK"). 


9. The dimensional formula of farad is 
(a) M-'L“TQ] (6) IM“L*77Q?) 
(c) M“L?TQ"] (d) (MIL? TQ). 

10. A highly rigid cubical block A of small 
mass M and side L is fixed rigidly on to 
another cubical block of same dimensions 
and of low modulus of rigidity n such that 
the lower face of A completely covers the 
upper face of B. The lower face of B is rig- 
idly held on a horizontal surface. A small 
force F is applied perpendicular to one of 
the side faces of A. After the force is with- 
drawn, block A executes small oscillations, 
the time period of which is given by 


(a) 22 JMnL (b) ary aa 


ML M 
on af. 

11. The dimensional formula of capacitance 
in terms of M, L, T and Lis 
(a) [(ML?T?"] (6) (ML? TP] 

(c) [M-ILST*1] (d) IML? 477] 

12. The time dependence of physical quantity 
Pis given by P=P,e™ . The constant a 
will 
(c) be dimensionless 
(6) have dimensions T-? 

(c) have dimensions same as that of P 


(d) have dimensions cqual to the dimension of 
P multiplied by T”. 
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13. MLITQ" 


14. 


15. 


16. 


17. 


18. 


19. 


20, 


2} is the dimensional formula of 


(a) resistance {b) resistivity 


(¢) conductance } 
The number of particles 
ng — Mr 


(d) conductivity. 
given by 


n=-D 71 
t aren perpendicular to 
where n, and n, are 
icles per unit volume 
of x respectively. 
mula of diffusion 


re crossing & uni 
seaxis in unit time, 
the number of part 
for the values x, and xy 
‘Then the dimensional for 
constant D is 
(a) NLT?) 

(e) [MOLT] 


(8) (MOLATA) 

(2) (M°L7T). 
2 

The dimensional formula Cie ic is 

(a) IM@L°T°A) (0) [M“ILAT-A] 

(c) IML9T4A7] (d) IMIL9T). 

‘The dimensional formula of electrical con- 

ductivity is Z 

(a) (M“'LT°A4) (6) (ML°T 5At) 

(c) MELT 7A?) (d) IMLPT A“). 

Ifenergy E, velocity Vand time Tare cho- 

sen as fundamental quantities, then the 

dimensional formula of surface tension is 

{a) [EV-?T-*] (b) [EV-'T| 

(ce) [EV?T!) (d) (E°V-'T4, 

The radius of the proton is about 10-5 m. 

The radius of the observable universe is 

105m. Identify the distance which is half- 

way between these two extremes on a loga- 

rithmic scale. 

(a) 1077 m (6) 10° m 

()10%m . (d) 10? m. 

What will be the unit of time in that sys- 

tem in which unit of length is m, unit of 

mass is kg and unit of force is kg wt? 


(2) 988 (b) 98 5 


(c) (9.8? 8 (dy a 8 


Tf the unit of time is taken as one second 
and the acceleration due to gravity is also 
taken as unity ina particular system, then 
the unit of length in that system is 


\ 


S 


27. 
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(a) 9.8m 
(c) (9.8)"? m 


(0) (9.8! m 
(d) zero. 


21, The velocity v of water waves may depend 


on their wavelength(i), the density of 
water (p) and the acceleration due to gray, 
ity (g). The method of dimensions gives thy 
relation between these quantities as 

(a) v? « Atp7! (b) v? & gh 

(c) v? « ghp (d) gr} ee 22, 


22, The frequency of vibration f of a mass m 


suspended from a spring of spring constant 
k is given by relation of the type f= cm™ 
#Y, where c is a dimensionless constant, 
The values of x and y are 

(a) 1/2, 142 (6) - 2, = 1/2 

(c) 1/2, - 1/2 (d)- 12, 1/2. 


23. Given : X = (Gi/c3)”, where G, hf and c 


are gravitational constant, Planck's con- 
stant and the velocity of light respectively. 
Dimensions of X are the same as those of 
(a) mass" (b) time 

(e) length (d) acceleration. 
IfRis Rydberg constant, h is Planck's con- 
starit and c is the velocity of light, then 
Rac has the same dimensional formula as 
that of 


(a) Force (b) Power 
(c) Energy 
(d) Angular momentum. 


25, The dimensional formula of coefficient of 


permittivity for free space (€,) in the equa- 
tion 


o 1 1a 
* arty r*’ 


where symbols have their usual meanings, 
is i 
(a) (M'L9A?-T], 
(©) (MAL4A2T>] 


(6) (ML°T1A?] 
(2) [M'L9A7T), 


26. Dimensional formula of the Hall coeffi- 


cient is 
(a) [M°L°A°T-!] (6) IMPL2AT] 
(c) (M°L°AT] (d) [M°L94-"T-Y, 


A vernier calliper has 20 divisions on the 
vernier scale, which coincide with 19 on 
the main scale. The least count of the in- 
strument is 0.1 mm. The main scale divi- 
sions are of 


UNITS. MEASUREMENTS AND DIMENSIONS 


28. 


29. 


30. 


31. 


33.” 


34. 


(a) 0.5mm (6) 1 mm 


()2mm (a) > mm. 


The dimensional formula for hole mobil- 
ity in a semi-conductor is 

(a) [M-!L°TA] (6) [M“L2T7A] 

(c) [M°LPT°A)] (d) [ML-?T-7A]. 

A calorie is a unit of heat and equals 4.2 
J. Suppose we employ a system of units in 
which the unit of mass is a kg, the unit of 
length is B metre and the unit of time is y 
second. In this new system, 1 calorie = 
(a) op? (b) 4.2 af? 

(c) of? (d) 4.2 a-'p-22, 

The velocity of a body which has fallen 
freely under gravity varies asg’ h?, where 
gis the acceleration due to gravity and ‘h’ 
is the height through which it has fallen. 
The values of p and g are 


11 L 1 
@)- 39 : Oa-F 


(c) 34 
If frequenc; v, velocity v and densityd are 
considered as fundamental units, then the 
dimensional formula for momentum will 
be 

(a) duty (b) du! 

(c) dv? (d) dv". 

The wavelength associated with a moving 
particle depends upon power p ofits mass 
m,qth power ofits velocityu andrth power 
of Planck’s constant h. Then the correct 
set of values of p,q und ris 
(a)p=1,g=-1,r=1 

(b)p=1g=lr=l 
(c)p=-1,9=-1,r 
(d)p=-1,q=-1,r=1. 
For the equation F « A* v! d*, where F is 
the force, A is the area, v is the velocity 
andd is the density, the values ofa, 6 and 
¢ are respectively 

(a) 1, 2,1 (6) 2,1,1 

(c)1,1,2 (d) 0, 1, 1. 

Length is measured in metre and time in 
second as usual, But a new unit of mass is 


" so chosen that G=1. This new unit of mass 


35. 


36. 


37. 


38. 


33. 


is equal to 

(a) 1.5 x 107 kg (b) 1.5 x 10% kg 
(c)6.67 x 10" kg (d) 6.67 x 10 kg. 
Ifgravitational constant G, velocity of light 
cand Planck's constant are taken asthe 
fundamental quantities, then the dimen- 
sional formula for length is 

(a) (G74 7 AM] (b) (G4 7 AM) 

(c) [G74 A A-] (d) (G4? 7 A], 
An important milestone in the evolution 
of the universe just after the Big Bang is 
the Planck time ¢,, the value of which 
depends on three fundamental constants- 
speed c of light in vacuum, gravitational 
constant Gand Planck's constanth. Then, 


toe 
e 


“(8 Ga 
(o) Ghes we 
v2 
Gh Gh 
oF «() 


Let. us consider a new hypothetical system 
of measurement in which the unit of 
energy is called eluoj. Suppose, in this 
system, the gravitational force of 
attraction between two particles, each of 
mass 1 kg, separated by 1 km is taken as 
a unit of force. Then, how many joule are 
contained in one eluoj ? Given: G=6.67 x 
10-8 N m? kg? ? 

(a) 6.67 x 10-7 (b) 6.67 x 10% 

(c) 6.67 x 10-* (d) 6.67 x 1077. 

If K represents kinetic energy, V repre- 
sents velocity and T represents time, and 
these are chosen as the fundamental units, 
then the dimensional formula of surface 
tension is . . 

(a) [KV*T] (b) (KVIT?] 

(c) [K*V-'TS] (d) (KV). 

‘The mass m of the largest stone that can 
be moved by flowing water depends upon 
the density p of water, acceleration due to 
gravity g and velocity of flow v, then m « 
(a) v? (6) ut 
fc) v6 (d) v4 
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1. | Selected Multiple Choice Questions 
Li 


6. (a) V=IR.R= 


7. 


18, 


16, 


___——= Answers/Explanations 


= 


(a) In 1921, Albert Einstein (1879 - 1955)] 


arded Nobel Prize for his services to 


| Physics and especially for his 
= law of photoclectric effect. 
ally: 


was aw) 
Theoretical 
discovery of the I : 
(a) Energy and torque are dimension: 


similar. 

[Energy] = [Force] [Distance] : 
= (NLTST IL] = [MLT) 

(d) One second 1s de 

by cesium-133 atom to mak 

770 vibrations. 


fined as the time taken 
¢ 9, 192, 631, 


(d) Same as that of momentum. 
vow Ww 


y= SETA a= pea 
1a*} ITI 
Clearly, SI unit is kg 75747. 
(b) 1 gem = 107 kg (10-7 m)> 
= 10° kg m~. 
(c) A single magnetic line of force is known 
as a ‘maxwell of flux’. 


. (d) Both energy and workhavethesamedi- _ 


mensions. 
(a) Potential is defined as work done per unit 


charge. 


. (a) cd has the dimensions of pressure. 


Now, a has the dimensions of PV?, 

(d) Reynold’s number is a pure number. It 
is the ratio of inertial force per unit area and 
viscous force per unit area, 


(6) [L] = [mur] = [MLTL] = [ML?7~']. 
(d) 
(d) The dimensional formula of magnetic 
flux is [ML7T-?A-1], 
(b) 1 meV = 109 x 1.6 x 1001 J 
‘ = 16x 10%, 


18. 
19. 


20. 
a1. 


22, 


23. 


24. 


26. 


apornun: Competitive Physica (Obje 


17. 


clive) 


N 
ms*'/m) 
=1Nm"s 
(c) The practical unit of power is kilowatt, 
(b) [Torque] = [force] [distance] 
= [MLT] [L] = [(ML°T-] 
(b) Surface tension is forcefength. 
(a) (E) = [ML?T-), [P] = (ML?T*}, 


[F] = [MLT] and it = L. So, unit of Lis 


(ce) 1 decapoise = Thin 


3 
“ or —_ m orae m. 
Again, mt = 


1kWh 
T= Rw =1h=36005. 
(F=—- 2 or = am 
~ 4neg 7? 0° anF 2 
{ATIIATI 
}=———— = ML, 
i) IMLTJIL?] IMOL*T4A) 


(c) Ideally speaking, the examiner should 
specify the temperature in this question. 
This is because the density of water varies 
with temperature. It is maximum (109 kg 
m™) at 4°C. 


©¥ Author's suggestion 
In questions relating to the density of 
water, if no temperature is specified, as- 
sume the temperature to be 4°C. 


(d) 1 atmospheric pressure = 76 cm of Hg 
= 76 x 13.6 x 981 dyne cm 4 
.01 x 10° dyne cm? = 1,01 x 105 Nm 


°# Commit to memory (CTM) 
INm ‘0 dyne em? 
aiid ae eee | 


(d) Refractive index, Dielectric constant and 
Relative density are all ratios of like quan- 
tities. So, they are dimensionless, 


UNITS. MEASUPEMENTS ANG DIMEAGIONS 


26, (dh l,# Lj 6 ator a= 4A. 


Fughyf (F) _ (MLT?) 
an. (dy © Holle ome 
at, (dye or Wel Tt TAT 


= (MLT7A7] 
= 2 
(ay LEneriy) _ IMEPT yg rp 


8, = 
28. (@" Wolume] IP] 
2, 

[Pressure] = a Dery, 


29. (b) Pressure, surface tension and 


mensions of ‘reciprocal of time’. 


(MLT?} | ___ Force 


27-2) = = 
31. CAIMLPT A= "11 (p2] ~ distance x area 


_ Pressure 
distance 


32, (b) 0.6 gem =0.5 x 107 kg (10°? m>* 


= 600 kg m=. 


=r CIM 


Igem~ = 1000 kg m7 
Conversion factor for density is 1000. 


992 
33, (d) t= 
34, (d) (a) Self-inductance of a solenoid, 


= Bal 
(6) B= ae 


ate 
(c) Use B = a7 (b). 


36. (a) (] = lol. or {61 = ltl = IL). 


«F Note that each term in the right- 
hand side of the given equation has 


the dimensions of velocity. It follows 
from the principle of homogeneity of 


dimensions. 


stress 


i : _ Strain 
have appropriate units. Energy is incor- 
rectly expressed in units of momentum. 

90. (b) Radioactive decay constant has the di- 


= Pressure gradient. 


3A. 


37. 


39. 


(b) In egs system, the unit of coefficient of 
viscosity is poise. 
In Sl, the unit is decaporse (1 Nem“) 


I poise aa deeapoire 


An interesting variation of Q. 14 
The ratio of Sl and egs unus of coeffi- 
cient of viscosity 1s 

fal (b) Iu 


I 
toy — 
cD 


(cd) Refer to the dimensional formulae of 


force, pressure and gravitational constant. 


© A new technique 
You know thet [force] = (MLT7) ; pres- | 
force 
crea 


and crea ts not related to 


sure = 


(8) — has the units of pressure. So, a has 


the units of PV?, Thus, SI unit of a is 
N m? m or N mb 


| & A basic concept of physics 
Quantities of only like nature can be 
added. 

Can you add 7 donkeys and 3 dogs ? 


(a) Least count 
Pitch 
Total number of divisions 


= SOS em = 2.5» 10-4 em, 3 


&S CAUTION 

Do not ignore questions on (i) vernier 
callipers (ii) screw gauge (iit) sphero- 
meter (iv) spectrometer. 
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surface. The theory of the method is brieNy 
described below : 


1 
= 9p mms 0.05 mm. 


t¥ Useful information for solving 


cole —_— 
Emporium: Competitive Physics (Objects 
10 : ed) UNITS, MEASUREME? AND DIMENSIONS > iT 
42. (a)] ACN, - 0. Gul 7 aes 
4-42, [40 (a), 43 less, int is dimen- 2, (a) Q2 ALM ge = . Puch us the perpendicular distance | 
sin (ot ~ kx) is See aror inverse time. 7 Mi Gal between (wo consecutive threads on | 
sionless. w has dimensions Be 7 oe 1 
kx is dimensionless. & has the dimensions of fae wT Aintree : te srt 
; . Lea: 
inversex P= 7 myoloay 3. (a) After having known the answer, you , Puch : 
—_—— would be tempted to procced as follows : Number or divistons 
oa , | % Te | IML2r-SuT- YY? on circular scale 
| = CTM. z represents wave lel jac Saar Fr = [M2] = (M) 6. The circular scale of spectrometer 
t —————EEe , a ee is divided into 360 equal parts. | 
10 But this is nota correct approach. Each degree is further diuided into | 
43, (b)1 SD = Gog em = 0.050 em Fig. 1 Correct approach [A] = [ML?7"] two parts. So, the smatlest scale di- 
le] = [LT] viston ts equal to 0.5 erst 30 | 
Le In the Fig. 2, r? = A(2R— 2) Sas minutes. The vernuer scale has 
LvD igs emneem On simplification GS MT il divitions mich coincide | 
See ‘ 2% SoS Eosus on Pianeta yes soon realise with 29 equal divisions of the main 
ew red S is required. But — gi 2, scale. In such a case, the ve-nier 
| £3" Vernier constant = 1SD~-1VD. = R= ots that G is required. But — gives M2. No | ire athe pedtoncera 
ae an scuaiwaads i 1 problem. Take the square root of “© and you L——— 
44. (a) Indestructibility, Invariability and Re- ful, re 8 ap C 
producibility are essential characteristics of 3 have done it ! v Ut? = (Urn THe given 
a unit of measurement. : (Think of an equilat- , ve WEL re) yy 
45. (c) 30 vernier divisions coincide with 29 eral triangle of side f.) sae (4¥d%5) (MLT?](B} IL) uantity is acceleration which is different 
main scale divisions. ais Pik Fig.£ 6. (c) 30 vernier divisions of a spectrometer rom (a), (6) and (c). 
Least count = 1 SD-1 VD “Gh 2 coincide with 29 main scale divisions. ——— 
29 1 2 ict Least count = 1SD-1VD | && Think carefully ! 
=1SD-= SD= 5 SD an aN _ 108 dyne x 104 em 29 7 ! 
"4 : kg’ 10° g* =1SD- 30 SD= 30 sD | - Centripetal acceleration 
One main scale division corresponds to a = 103 dyne cm? g-?, 720 main scale divisi correspond to 360°. —_ ee 
Le. 30° 9 ' So, one main scale division corresponds to F. F 
: 1 48. (c) 10 VD=9SD, 1 VD= 75 SD. ae 7. (d)F,, = Bau or w= [F2]-[7a| 
Least count = — x 30’= 1’. : = ie. 30’, : qu} (itv 
30 Vernier constant = 1SD-1VD 2 5 
46. (b) A sphorometer (Fig. 1)'is used to deter- 9 1 11 1 - MLT 7 = IMLT 2A] 
mine the radius of curvature of a spherical = ( x 3) sD= jo SP= jo*2™™ Least count = 30 * 30'=1'. (A}ITI{LT™") 


= 
t¥ Time-saving solution 
i 
i 
u 


questions on screw gauge, F=BIl, (B} = TF) = (MLOT2A-} 
"¥ Vernier constant of vernier calipers | t spherometer and spectrometer (7) 
eg oe : 1. The principle of a spherometer is 
= hee | the same as that ofa screw gauge. 8 viet [Entropy] = {Ql IMT?) 
So, the pitch and least count of a : are m  iKl 
rt | Questions for Self Assessment spherometer are determined in the = [ML?T*K-) 
tic stanea sc sient same way as in the case of screw Q @ 
7 apacitance X) = [M~'L~ ™ : . gauge. 9. (b) (C] =| =| =|] = (MIL k 
(Magnetic induction Z| = [MTQ"] f= ral (3 has no dimensions) . Pitch of a screw is the linear dis- a [# (F] isla 
[Z}? = [M?7TQ-2] ‘ IML 272Q? tance through which the screw 10. (d) Do not fear long statements. 
N= 8) _ MsL2ry moves when one complete rotation 


: : xX 
Given :X=3Y2? or Y=—> 
32’ 


is given to the screw. 


{nl = IML7!T-%| or [T*) = [#} 
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Emporium: Competitive Physics (Objectiy, ) 
¢ 


Pints MEASUREMENTS AND DIMENSIONS 


18, (b) 7,210 mr = 107 m, 
1 1 a 2 
‘agra flog 10-!* + log 10 q ny #42 Ike | | im] | de WU. (b) New unit of mass is a =r ke 
akg) [Bin VAs Rete lo 
tel 5 10 ke 


5 CAUTION 
snot coeffierent of viscosity inf 


35. (d) In this case,-p oq = 0,4p * ert 
and-2p-q-r=0. 


BAZ [ty 


" 
90; (c) (M°LT-') = [L7 T-4 [17] = {lr tT") 


ni 
question. 


nN 19. (d) | T?2 9.8T?, 
: = 
Icy = MHLATEIETA = IMHLATHP Peery aren 4 
12. (8) Applying principle of homogeneity of iw ale a 36. (d) Note carefully that every alternative has 
dimensions, we find that eis 99, (a) 9.8(LT*)=(LT?] = L'=98 Agai 1 i eqctsd ‘Gh’ and’. / 
dimensionless. So, a? is dimensionless. cada; eae gala ae en a oe (Gh) = [MPT] PMP = PLT) 
Thus, a should have the dimensions of «She OD us kip 31. (a) tpl = (MLT“' = MLALIT+T™} A Saat ass Jour that Gh has 
inverse square time. (MOLT?) = (L9)(MoL™](L¢ T-*] (ML) LT} tet [ct] = [L7T~*). It is now clear x 
Vad or [M°LT-] = [M? L--See T-*] <a vi-[. the dimensions of (time?. 
13. EPS, ‘ = I not 
I a Equating powers of M, L and T, we get ore 37. (c) Leluoj = 1 notwen x 1 km 
IMT?) (PHIL) 1 ae aaa Da si = 6.67 x 10!7N « 10°joule 
—=—— ni b =0,a-36 +c = land-2c=- << ers of M, Land T. Then, you hav = 
ee lel IQ a PORES three equations and three unknowns. . = 6.67 * AC ene : 
al a. nea) Again,a-3b +e or a+2=1 wee 38. coiot-[F]-[£3"]-[ 
14. (q) From the given relation, D=-"—2— y= hal gi 2 " 2 5" An important note tye ae 
Tg -f 2 or ve > 
am eae es If number of unknowns is greater than = IKv=T7]. 
oe ere 22, (d) [M! LOT!) = [M#] [MPT] = [M**7 T-2] the number of equations, then something 39. (c) make 
(L*T] Equating powers of M and T, is wrong with your solution. [M] = [Mt Ly (L? TI) Le TI 
x+y=0,-2y=-1 Mies Lees eS [ML°T9} = [Me L208 T-2] 
: -2,,2 1 im = IL] Comparing powers of M,LandT,a = 1, 
snd ln-ml=[tos +(x] = or yegixtg 20 or r=-5 ' = IM Lieve 7 Tae bse =0,-2b-¢=0 
: 5 Mone? eter?) Comparing powers of M, L and T, we get On solving, a = 1,6 =-3, ¢=6 
so, p} = ATU = ay 23, (e) l= «MET Liu c=1,20+b-Se=1,-b=-2 or b=2 m= 
1) . ‘ LT . 2a4+2-3(1)=1 > 2=2 of a=l. 
15, (a) The formula for fine structure constant 24 (©) [Rhe] = (L-!ML?T™LT-!] = [ML?T™], 
* -¢€ ‘ 2p?) 
wis 25. (b) lel = AL = La? 
dey (¢ Eo MET?) (M“1L“14A?]. 
J 1, . 
The result follows from here. 26. (d) — is hall coefficient. = 
= tn] = [L*,fel = [AT]. - 
FF Do not deat with ty, ¢ h and ¢ an ( 2 49 11 
individually. 10 (- 2) SD or 700 “20 *2 sD 
: ; ; 
16. (a) Conductivity (2 el OF RED eg em =e SOs? wae 
p) aR drift. veloci 
The result follows. 28. (a) [wl= ear 
17. 2 electric field E 
(a) ele ie) AD) 7 (LT) (AT) vais 
; si i ; (2) i a 
lol = [MT-7] @) 29 (d) [Calorie] = [M'L?T-2]. Comparing with 


Eliminate L from (1) and 
L (2), Then ti 
(3) would give the required result. anal 


general dimensional formula [M2 L? T+], we 
Bel : 
a=1,b=2,c=-2. 


Comparing powers of Land T, 


: 1 3 
Solv td ige-s.re-- 
Solving. p = 2 17-39 2 
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giGNIFICANT FIGUIES. AND ERROR ANALYSIS 


1 2 oa Selected Multiple Choice Questions 


Choose the correet answer from the four alternatives given in each of the follow- 


SIGNIFICANT FIGURES ANp peels: 
ERROR ANALYsjs 1. IfL= 2.331 cm,B=2.lem,thenL+B= 1. The mazsofaboxis 23 g. Two gold pieces, 
i (a) 4.431 em (6) 4.43 cm each of mass 0.035 g. are placed in it. The 


(ce) 4.4 cm (d) 4m. total mass of the box and gold pieces is 
(a) 23g (bI24g 


A 3 js the volume of one cub 
FORMULAE 2. If 1.76 cmis the volume of one cube, then 
IMPORTANT FACTS AND 0 - the volume of twenty-five such cubes is (co) 2.37 g (d) 2.370 g. 
(a) 44 cin? (b) 44.0 em? 8. One side of a cubical block is measured 
with the help of a vernier callipers of 


Seven Rules for Finding the Number 2. When the result involves the di; (c) 44.00 cm? (d) 44.000 cm’. 
aE eenaie aa, = = ~ ft b: d after) i tant 0.01 This side comes 
Se 3 ence of two observed quantities, ith duc d fc ienifica vernicr constant 0.01cm. 1s 
of Significant Figures Sek oR 3. he tae regard for significant figures, out to be 1.23 em. What is the percentage 
A F ere i ie i ? 
1. All non-zero digits are significant. i The maximum possible error in Zis given (a) 156.250 (b) 156.25 error inthe a 
2. Alll zeros between two non-zero digits are” ipa hie (c) 156.2 (d) 156 (a) = x 100 (b) F557 100 
significant. pleasant . 
f 7 3. When the result jny 4. The length of a rod as measured in an ex- 0.01 oo1 
3. (a) All zeros to the left of an understood 44+ or tivo observed cuaatuee the prod. periment is 2.56 m, 2.51 m, 2.49 m, 2.58 (c)2x 5 «100 (d)3 x 7 x 100. 
decimal point but to the right ofa non- a . , m, 2.48 m and 2.55 m respectively. The 9. The radius of the sphere is (4.3 + 0.1) cm. 
zero digit fi Z=AB P 5 
zero digit are not significant. Th , 5 . , average length is The percentage error in its volume is 
(6) All zeros to the left of an understood maximum possible relative error in Z 15.17 0.1 0.1% 100 
decimal point buttotherightofanon- i. ven b 42 _ AA AB + 4% (a) ae m (b) 2.5283 m (a) 43" i (6) 3% 
zero digit are significant if they come SEY ZA te 1 0.1% 100 0.1 100 
js A froma Sacer In terms of percentage error, : ie cis i 1 (et) 2.528\m: () a aor a (1s “a3 
5 zeros to the left of an expressed deci- AZ AA ‘AB , 6. Aphysical quantity is represented byX= 10, Inanex t, we measure quantities 
mal point and to the right of a non-zero F100 = Fx 100 + x 100 M* L’ T~. If percentage errors in the : panda goa zie saenated from the 
digit are significant. : 4. When the result involves the quo- measurements of M, L and T are a%, B% 2 
5. All zeros to the right of a decimal point tient of two observed quantities. and y% respectively, then total percentage formula, x = _ 
but to the left of non-zero digit are not sig- A 4 error is bd 
on provided there is only a zero to = (a) (aa +Pb-ye% — (b) (aa + B+ e)% The percentage errors ina, 6, care + 1%, 
- e t! i i . sly. 3 
P3 6. All acids eae. le Fi The maximum possible relative errorinZ (c)(aa—Pb—yc)% — (d) 0%, £3%, and + 2% respectively. The percent. 
- 5 zeros to the right of a decimal point “az 6. The focal length of i ingi age error ins conde 
’ and tothe right ofa non-zero digit are sig-__ is given by ——= ane + ae . eb Oh ey Seas ven NY (a) 21% (6) 1% 
nificant. ZA OB ta2 + i where uw and v rr t ob: (c) 7% id 
. “eto epre: = 
7. Thenumber of significant figures does not The maximum percentage error in Z is feet ¢ d 4 : dista : al ° ll tt inth ‘ = f 
vary with the choice of different units. : AZ AA AB : and image distances respectively. . ¢ error in the measurerrent of momen- 
given by 7% 100= 7" 100 + aa 100 , The maximum relative error in f is tum of a particle is (- 100%), then the 
Spreiiion of Errors duct nen the result involves the pro- (a) = Oe, gy ML error in the measur:rvent of kinetic 
“Whi Z uct of some powers of the measured yal- fouwoe. f Ault” delv energy is 
+ of two iseredg saute spvelves:the;sum, ST tise, soo (a) 25% (6) 200% 
es ae Z=A"B™ “[ wou ute (ce) 300% (d) dum. 
7 The maximum possible relative error i Of ou ou, ou, ty , 
‘ , en ror in Z (d) = . 
ig Themaximum possible errorinZisgiven 62 OA AB ° Sei Vo uso aee 
4Z = 4A+4B is given by rn ae - 
——." B : i 
14 : 
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E 


ue Questions for Self Assessment 


rr) 


6. 


Indicate the correet ch 


The dimensions of a rectangular block 
measured with callipers having least 
count of 0.01 em are 5 mm x 10 mm x5 
mm. The maximum percentage error in 
measurement of the volume of the 


the 

block as 

(c) 8% (8) 10% 
(ec) 15% (d) 20%. 


The length /, breadth b and thickness ¢ of 
a block of wood were measured with the 
help ofa measuring scale. The results with 
permissible errors arc 

T= 15.12 + 0.01 cm, b = 10.15 + 0.01 cm, 
t=5,2520.01 cm. 5 

The percentage error in.volume upto 
proper significant figures is 

(a) 0.28% (b) 0.36% 

(c) 0.48% (d) 0.G1%. 

Given : Potential difference, V = (8 + 0.5) 
Vand current, I = (240.2) A. The value of 
resistance R is 
(a) 4 +16.25% 
(c)4 2 10% 


(b) 4 + 6.25% 
(d)4+ 8%. 


. The radius of a wire is 0.24 mm. Then its 


area of cross-section by taking significant 
figures into consideration is 

(a) 0.1 mm? (6) 0.2 mm? 

(c) 0.18 mm? (d) 0.180 mm? 

(c) 0.1608 mm?, 


» The measured mass and volume of a body 


are 23,42 g and 4.9 cm® respectively with 
possible error 0.01 g and 0.1 em’. The 
maximum crror in density is nearly 

(a) 0.2% (6) 2% 

(c) 5% (d) 10%, 

The velocity of transverse wave in a string 


iP 
m 
string and m is mass per unit length. IfT 
= 3.0 kgf, mass of string is 2.5 g and length 


of string is 1.000'm, then the percentage 
error in the measurement of velocity is 


isus where T is the tension in the 


8. 


10. 


11. 


12, 


nporium: Competitive Physics 
Lysics (Oly 
ees 


vice among the four options (a), (b), (c) and (d), 


(a) 0.5 (6) 0.7 
{c) 2.3 (d) 3.6. 
Acurrent of 2.34 ampere flows ing , 


ance of 11.1111119. The potential gn’ 
4 


ence across the given resistance With & Y 
regard for significant figures is Ne 
(a) 26.000 V (b) 26.00 V 

(c) 26.0 V (d) 26 Vv. 

A resi tor of 10 k& having tolerance 3 
is connected in series with another Tesi. 
tot of 20 kQ having tolerance 20%, 
tolerance of the combination will be ap. 
proximately 

(a) 10% (b) 13% 

(c) 17% (d) 20%, 

The length, breadth and thickness of g 
block is measured to be 50 cm, 2.0 em and 
1.00 cm. The percentage error in the meas. 
urement of volume is 

(a) 0.8% (b) 8% 

(c) 10% (d) 12.5%, 

A resistor of 4 k82 with tolerance 10% is 
connected in parallel with a resistor of 6 
kQ with tolerance 10%. The tolerance of 
the parallel combination is nearly 

(a) 10% (6) 20% 

{c) 30% (d) 40%. 

The relative density of the material ofa 
body is the ratio of its weight in air and 
the loss of its weight in water. By usinga 
spring balance, the weight of the body in 
air‘is measured to be 5.00 + 0.05 N. The 
weight of the body in water is measured 
to be 4.00 + 0.05 N. Then the maximum 
possible percentage error in relative den- 


sity is 
{a) 11% (b) 10% 
(c) 9% (d) 1%. 


InQ. 11, the relative density is 
(a) 1.25 1 9% (b) 1,25 + 11% 
(c) 5.00 + 11% (d) 5.00 + 9%, 


1A 


15. 


AND ERROK ANALYSIS 


he value of n? with due 


Given: n= 4.14, 
regard for significant figures is 
(0) 9.86 (b) 9.859 

(c) 9.8596 (d) 9.85960. 


The length J, breadth b and thickness ¢ of 

a block are measured with the help of a 

metre scale. Given : / = 15.12 £0.01 cm, 

b = 10.15 $0.01 cm, t = 5.28 t 0.01 cm. 

The percentage error in volume is 

(a) 0.64% (b) 0.28% 

(c) 0.37% (d) 0.48%. 

The specific resistance p of a circular wire 

of radius r, resistance R and length / is 
w'R 

given by p= = 


17 


Given; 0.24 +0.02em, R= 35021 a 
and [ = 420 2 0.01 cm. The percentage 
error in pis nearly 
(a) 7% 
(c) 13% 


(bh) 
(d) 20%. 


16, The following observations were taken for 


determining surface tension of water by 


capillary tube method : 

Diameter of capillary, D= 1.25 * 1 

and rise of water in ‘capillary. khol.4 

ue 2 and using the rela 
i = 9.80 m s? and using the \- 

ani aD) x 10? Nm, what is the 

possible error in surface tension T? 

(a) 2.4% (b) 15% 

(c) 1.6% - (d) 0.15%. 


ae 
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Answers/Explanations ——__ 


| Sclected Multiple Choice Questions 


1 


(c) b+ B= (2.931 + 2.1) em 
=4.431cm 

Rounding off to first place of decimal, we 

get 44cm. 

(b) Note that there are three significant 

figures in 1.76 cm?, 


! «= In Q. 1, do not bother yourself about 


the significant figures of the multiplica- 
tive factor ‘25°, 
(bas 


(d) (12.5)? = 156.25. There are only three sig- 
nificant figures in 12.5. So, rounding off to 
three significant figures, we get 156. 


53 CAUTION 


| When a quantity is squared, the number 
| of significant figures is not squared. 


(c) Average length 


= 256+251+ 249+258 + 248 +255 ia 
6 
= 2,528 m. 
But only two decimal places are required. 
So, the average length is 2.53 m. 
(b) Treat ‘~c' as ‘+c’. 


"= CAUTION 


‘In this type of questions, the negative sign 
in the power is not to be considered, 


tayp= AF Au, du Alu +0) 
ut+u f u u utv 

(b) {2.3 + 0.035 + 0.035) g = 2.37 4 

Butwe have to retain only one decimal place. 

So, the total mass is 2.4 B 


(:) Percentage error in measurement of a 
a 0.01 
side = —~ x 
123 100 
Farcentage error in measurement of area 


0.01 
=2x—— 
; Tg «100. 


Emporium: Competitive Physi 


uke 


9. (b) Percentage error in radiug jg 21 


10. 


Again, V « R3, 43 * 109, 


an experiment based on the wolisar a 
Sphere, the radius of the sphere hadi ofa 
measured very accurately, A better se 
Proach will be to measure the vol fs 
directly. As an illustration, takea peortt 
ated cylinder containing water and : 
a sphere into it. eat 


(d) Percentage error in x 
=1%+2x 3% +3 x 2% = 13%, 
. Thesign + has been used because the Words 


‘maximum percentage error’ have not been 
used. 


"¥ An Important Note 


Percentoge error is + a x 100 


Maximum percentage error is . 


. A 
= 100, 
aa 


2 
11. (c) Relation between E, and p is E, = eS 
m 


When p is doubled, E, becomes four times, 
So, E, increases by 300. i 


"* You were invited to commit a 
mistake 

And you probably committed it and 
thought that (b) is the right choice! 
Note that the laws of error propagation 


are to be applied for small percentaye 
only, 


—————— 


IFICANT FIGURES AND ERKOR ANALYSIS 


Questions for Self Assessment 


(a) Required percentage error 
0.01 
—— «100244125 
05 Lo 

(b) Percentage error in volume 


001 0.01 | 499 , 201 
2 ag £1004 ops % 100 + Foe x 100 


5.28 
= 0,07 + 0,10 + 0.19 = 0.36 


o2x 


ra O05 " 
(a) Percentage error in V = rat * 100 ie. 


4 02 é 
6.25. Percentage error in I = hes 100 Le. 


10. Now, add up the percentage errors. 
(c) Area of cross-section 


e 2 x 0.24 x 0.24 mm? = 0.18 mm?. 


(6) Percentage error in mass 


0.01 
= 2342” 100 = 0.04, 


3 Ol 
Percentage errorin volume= rr x 100 = 2.04. 
Adding up the percentage errors, we get 


nearly 2%. 
1912 “ig i¥2 * 
ae foie [me] 
a bars 


M 
It follows from here, 


1000 “25 


0,001 4) 
+ 
= 3 (0.03 + 0.001 + 0.04) = 0.036 


Percentage error in the measurement = 3.6. 
(ce) V = 2.34 x 11111111 volt = 26.0 volt. 
(c) 4R, = AR, + AR, 
10 20 - 
=|— «x 20] kA =5ka 
(3% *104 Too x | 
R, = (10 + 20) kQ = 30 kN, 
AR, 5 50 
— =—x100=—=17. 
5 * 100 30 xi 3 
(6) Percentage error in length 


1 
=— x100=2, 
"Bo x1 


0.1 
Percentage error in breadth = 20 *100=5, 


10. 


12, 
13. 


14. 


15. 


16. 


19 


Percentage error in thickness 


2 291 , 10021, 
100 


Percentage error in volume = 2+G541=8. 


AR. 4R2 
y = 1,100 h «100 
—%100= Ry * . Ra 


, SIRs + Ba), 199 
Ry+Ro 


0 
Now, aR, = a 4k = 0.4 KO, 


10 . 
AR, = 755 XS KA = 0.6 kA 


A a6 
Again, 8 , 100 = 24 x 109 += «100 
R, 4 


. 
4 24406 , 100 = 104 10+ 10=30. 
10 


Wy — UW 


500. 
= £00 5 11% =5.002 11%. 
(c) R.D 100 +1 


(a) Note that there are only three signifi- 
cant figures in 3.14. 


© = x100= 291 x 100 = 0.07, 


10.15 
bb 0.01 

Ab 100 = 100 = 0.1, 
Paaceadar ha 

at 0.01 

Bt 100 = 29 x 100 = 0.2 

; x 100 5.28 x 


Percentage error = 0.07 + 0.1 + 0.2 = 0.37. 
(d) Required percentage 
= 002. 190x2+2x 100 
0.24 30 
+ 21. x 100 = 16.7 + 3.3 + 0.2 = 20. 
480 


(c) Percentage error in T 


= 0.8 + 0.1+0.7 = 1.6. 
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Motion IN ONE DIMENsioy 


—————— 0 


Equations of Uniformly Accelerated Motion 
a 


1, Velocity-time equation 
veutat 
This equation is basically a vector equa- 
tion’ z 
Ust+at 
Here, u is initial velocity, v is final velo- 
city, a is uniform acceleration and ¢ is the time 
during which the velocity changes from u tov. 
Ifv(0) is taken as velocity at¢ = 0, u(t) the 
velocity at time ¢ and a is acceleration, then 
v(t) = o(0) + at 


2. Displacement-time equation or 
position-time cquation 


BU 
=ut+ > at? 
S=ut+ gat 
This equation is basically a vector equa- 
tion 
~4 ly 
=ul+—at 
Ss +9 


Here, ry represents the displacement of 
the particle in time ¢. 


If x(0) represents the position of particle 
at ¢ =0 and x(t) represents the position of parti- 
cle at time ¢, then 


x(t; = x(0) + v(O)e + ; al? 


20 


IMPORTANT FACTS AND FORMULAE | 


3. Displacement-velocity equation 
v?—u? = 2aS 
This is a scalar equation. However it can 
be written in vector form as follows ; 
U.d-a.u=20.§ 
4. Displacement in nth second 
Spy ut G (2m =) 


Here, S,., represents displacement dur- 
ing nth second. 


If the acceleration is constant both in magni- 
tude and direction, only then the above equa- 
lions are to be used. 

The above equations are not applicable to 
simple harmonic motion or circular motion. 


1 CAUTION 
I 
f 


An in Depth Discussion of a Serious Con- 


ceptual Confusion 


It is generally thought that the accelera- 
tion due to gravity is to be taken as positive 
in the case of freely falling bodies and nega- 
tive in tlie case of bodies thrown upwards. 

This is a misconception. The correct 
concept is as under: 

In any problem of rising or falling body, 
choose upward or downward direction as positive. 
Suppose a ball is thrown vertically upwards. Let 
us further suppose that the upward direction is 


rr 


orion IN ONE DIMEN 


taken as positive. The downward direction 
then clearly be taken as negative, Now, 
he initial velocity and displacement will be 
ns positive. But acceleration duc to grav- 
] be taken as negative. If the downward 
ection is taken as positive, then both the ini- 
oe Jocity and displacement will be Laken as 
ta ive But acceleration due to gravity will be 
viben as positive. ; 
Conclusion. It is your personal choice 
ether to take upward direction as positive or 
ative ina given problem. 


potht 
taken 
ity wil 


wh 
nes 
Two Important Notes 
4, The acceleration due to gravity is always 
directed vertically downwards. \ 
2. Never give sign to the unknown quantity. 
If your solution is correct, the proper sign 
shall be there in the answer. 


Facts about UNIFORM VELOCITY 
It is on a straight line path and always 
in the same direction. 
The magnitude of velocity is equal to 
speed. 


The average velocity is equal to instan- 
tancous velocity. 

Acceleration is zero. 

Net force is zero. 


21 


from 


What distinguish displacement 

distance ? 

e Displacement has direction. 

Distance does not have direction. 

e The magnitude of displacement can be 
both positive and negative. 

e Distance is always positive. It neve: 
creases with time. 

Distance 2 | Displacement |. 


rde- 


tw CAUTION 


Decreasing speed is NOT negative speed. 


Effective Use of Mathematical Tools in 
Solving Problems of One-Dimensions of © 


One-Dimensional Motion 
One-Dimensione 


Ifdisplacement-time equation is given, we 
can get velocity-time equation with the help of 
differentiation. Again, we can get acceleration- 
time equation with the help of differentiation. 

If acceleration-time equation is given, we 
can get velocity-time equation by integration. 
From velocity-time equation, we can get displace- 
ment-time equation by integration. 


Differen- Differen- 
= tiation, tation 

Displasm Les | tern 
Integra- Integra- 


tion tion 
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AEN (Objec 
Ug) 


ee Selected Multiple Choice Questions 


Choose the correct a: 
ing questions: 

with a velocity of 2 ms" 
raight line with a retar- 
The first time at which 
from the starting point 


1. Aparticle starts 
and moves ina 
dation of 0.1m 
theparticleis 15m 
ss 

(a) 10s 

(ce) 308 (d)40s, | 

Two bodies are held separated by 9.8 m 
vertically one above the other. They are 
released simultancously to fall freely un- 
der gravity. After 2 second, the relative 
distance between them is 

(a) 4.9m (6) 19.6 m 

(9.60 (d) 39.2 m. 

3. A train aceclerating uniformly from rest 
attains a maximum speed of 40 m sin 
20 second. It travels at this speed for 20 
second and is brought to rest with uniform 
retardation in further 40 second. What is 
the avernge velocity during this period ? 
(a) 803 ms“! (0) 40 ms"! 
()25ms! (d)30 ms. 

4. Aballisdropped from the top ofa building 
100 m high. At the same instant, another 
ball is thrown upwards with a velocity of 
40 ms“! from the bottom of the bu ding. 
The two balls will meet after : 
(a)5s (1) 2.5 5 
(2s (d) 3s. 

“5. Ifa stone is thrown up with i 
9.8 ms-, then how iauah tnewilntie 


(b) 20s 


r 


to come back ? 
(a)15 (6) 2s 
(c)35 (d)4s. 
6. Which represent accelerated motion ? 
x x 


(b) 


nswer from the four allernalives given in cach of the foltoy, 


(c) (d) 
Fig. 1 


7, What is the relation between displace. 
ment, time and acceleration in case of g 
body having uniform acceleration ? 


1 
(Saute 5 (b)S=(u+fe 


() S =u? = 2s (d) None of these, 
8. Which graph represent uniform motion ? 


=> — 
(a) (b) 
=>. — 
{c) (d) 
Fig. 2 


9. 


The motion of a particle is described by 
the cquationu =at, The distance travelled 
by the particle in the first 4 second is 
(a)4a (b) 12a 
(6a (d) 8a. 
10. A particle starts from rest, accelerates at 
2 nvs? for 10 5 and then goes for constant 
Here a s and then decelerates at 
's? till it is i 
reavaligd 6p atone, What is the distance 
(a) 750 m 


Lev tan 


(b) 800 m 


MOTION IN ONE DIMENSION 


11. The graph of displacement v/s time is 


o> 


1—* 
Fig. 3 


Its corresponding velocity—time graph 
will be 


s—> 
_— 


— — 
(a) (b) 
v v 
— Z ‘— 
(c) @ 
Fig. 4 ; 


12. Aparticlestarts from rest and moves along 
a straight line with constant acceleration. 
The variation of velocity v with displace- 


ment Sis 
/ 
ss so 
*(a) (b) 
f | 
s— s—> 
(c) @ 
Fig. 5 


23 


13. The displacement-time graphs of two 
moving particles make angles of 30° and 
A5® with the x-axis. The ratio of the two 


velocities 18 


4 
s 
1 
z 
H 
: Conall 
“> 
Fig. 6 
(a) JF =1 . (east 
(1:2 (d) 1: J3. 


14. Aball takes ¢ second to fall from a height 
hy and 2t second to fall from a height A,. 


Then h/A, is 
{a) 2 (b) 4 
(0.5 (d) 0.25. 


15. Acar travels equal distances inthe same ~ 
direction with velocities 60 kmh"), 
20 km h™ and 10 km hv! respectively. 
The average velocity of the car over the 
whole journey of motion is 
(a)8ms* (o7ms? 

()6ms" (dsms'. 

16. A body starts from rest and is uniformly 
accelerated for 30 s. The distance travelled 
in the first 10 s is x,, next 10s is x, and 
the last 10 s is x3. Then x, : x, ! xy is the 


same as 
(a) 1:2:4 (6) 1:2:5 
(c)1:3:5 (d)1:3:9. 


17. A ball is dropped from the top of a build- 
ing. The ball takes 0.5 s to fall past the 3 
m length of a window some distance from 
the top of the building. If the velocities of 
the ball at the top and at the bottom of 
the window are vz and ug respectively, 
then 
(a) vp + Up = 12m 82" (b)up—Hy =49ms! 


(vypeims! aR -imet 
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7 
18. InQ.17, SL gives the 
te 


(a) distance of the top of the building from the 
top of the window : 
(b) distance of the bottom of the window from 
the top of the building 
(c) height of building 
(d) distance of top of window from the ground. 
19, The position vector of a particle in SI units 
is given by 
Fedt i 432 7 +2k 
‘The acceleration of the particle is 


(a) 4ma* (0) 3m s7 
(c)2 ms? {d) 10 ms. 

20. In Q. 19, the distance covered in the first 
10 second is 


Emportun: Competitive Phystes (Objective) 


(b) 300 m 
(d) 600 m. 


(a) 200 m 
(c) 400 m 


21. The velocity of a stone thrown vertically 


upwards is halved in 1.5 second, The maxi. 


mum height attained by the stone is (Tako 
g=l0ms™) 

(a)20m (8)25 m 

()30m (d) 45 m. 


‘92. Two balls are dropped to the ground from 


different heights. One ball is dropped 2.8 
after the other but they both strike the 
ground at the same time, 5s after the first 
was dropped. The difference in the heights 
at which they were dropped is (Given :g = 
10 ms“) 

(a) 10m (6) 20m 

(c) 40m (d) 80m. 


I 


MOTION IN ONE DIMEASION 


a. | Questions for Self Assessment 


Indicate the correct choice among the following options (a), (6), (c) and (d). 


L. The displacement-time graph ofa moving 
object is shown in Fig. 7. Which of the 


Displacement ———» 
yoo & 
8 8 6 


3 


*0 2 4 6 B 10 ime(s) —> 


Fig. 7 


velocity-time graphs shown in Fig. 8 could 
represent the motion of the same body ? 


A = h 
‘ | 


Fig. 8 


2. A graph of acceleration versus time ofa 


particle starting from rest at ¢ = 0 is as 
shown in Fig. 9. The speed of the particle 
at t= 14 second is 
(a)2ms" 
(c)20ms" 


(b) 34 ms“! 
(d) 42 ms"! 


’ 


e—> 


Fig 9 


. A particle moves along X-axis in such a 


way that its x-coordinate varies with time 
t according to the equation : x = (6 - 4 
+ 612) metre. The velocity of the particle 
will vary with time according to the graph 


a 
—~_ 
v 
? i 
(@) 2) 
4 
— 
° 
— 
(c) 8) 
Fig. 10 
. The velocity-time 4 ¢ 
graph of a body is 
shown in Fig. 11. t 
The ratio of the 
sets duringthein- 9*—4—7—> oi 
tervals OA and Fig. 11 
AB is ...... 
(a) average velocities ; 1 
OA 1 
O apis 


ml 
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distances 


average accelerations: sam 


cove 


te) 
(d) distances covered 3 
“Fig. 12 shows 

the aceelera- t 
tian-time graph 

of a particle. 
Which of the 
following repre- 
sents the corre- 
sponding velo- 
aty-time graph? 


al 


’ 
— 


Fig. 12 


T 
it 


) *) 
4 
7 = ‘ 
l 
() @ 
Fig. 13 
6. Fig. 14 shows the 


graphical varia- 
tion of displace- 
ment with time for fi 
the case of a par- : 
ticle moving along 


a straight line. o > 
The accelerations : 
of the particle dur- Fig. 14 
ing the intervals OA, AB, BC and CD are 
respectively 
OA AB BC CD 
(ey - 0 + 0 
~ @) + 0 + + 
) = t) - 0 
@) + 0 - + 


7. 


The velocity-time graph of a body moving 
ina straight line is shown in Fig. 15. The 
displacement and distance travelled by the 


body in 6 second are respectively 


10. 


smporium Conipetitive Physics (Objective) 


veloaty (mm 5°) 
— 
o 


t—> 
(in second) 


ns 


Fig. 15 
(a) 8 m, 16m (6) 16 m, 8 m. 
(c) 16 m, 16 m (d) 8 m, 8m, 
The velocity-time graph of a particle is ag 
shown in Fig. 16 


19.6: 
ff 
€ 
: 
2 4 6 
time (in second) —> 
Fig. 16 


(a) It moves with a constant acceleration 
throughout. : 

(b) It moves with an acceleration of constant 
magnitude but changing direction at the 
end of every two second. 

(c) The displacement of the particle is zero, 

(d) The velocity becomes zero at ¢ = 4 second. 

A bus starts from rest with an accelera- 
tion of 1 ms-®. A man who is 48 m behind 
the bus starts with a uniform velocity of 
10 ms“. The minimum time after which 
the man will catch the bus is 

(a) 4.85 (6) 8s 

() 108 (d) 12 s. 


A body travelling with uniform accelera- 


_ tion crosses two points A and B with ve- 


locities 20 ms“ and 30ms! respectively, 
The speed of the body at the mid-point of 
Aand Bis : 
(a) 24 ms"! (b) 25 m s-! 


(c) 25.5 mst (4) 10/6 ms“, 


MOTION IN ONE DIMENSION 


a 


11, Given below nre the equations of mation 


12. 


13. 


14. 


15. 


16. 


17. 


of four particles A, B,C and D. 

X, 260-35 xq 2407-2 +3) x, =90-27 
+6-7 5 xp = 7 cos 60°34 gin 30° 

Which of these four particles move with 
uniform acceleration 7 

(aa (6) B 

(c)C (d) D. 

A body released from the top of a tower 
falls through half the height of the tower 
in 2s. In what time shall the body fall 
through the height of the tower ? 

(a)48 (b) 3.26 s 

(c) 3.48 8 (d) 2.828 s, 

Drops of water fall from the roofof a build- 
ing 9 m high at regular intervals of time, 
the first drop reaching the ground at the 
same instant the fourth dropsterts its fall. 
What are the distances of the second and 
third drops from the roof? 

(a)4 mand 1m (b)4 mand 2m 

(c) 6 m and 2m (d)6 mand 3 m. 

A ball falls freely from rest. The ratio of 
the distances travelled in first, second, 
third and fourth second is 


(a)1:1:1:2 (6) L:1:1:3 
(c)1:2:3:4 (d)1:3:5:7. 
The equation of motion ofa particle is 
° : x=f-8 


The particle is moving with 

(a) uniform velocity 

(6) uniform acceleration 

(c) variable retardation 

(d) uniform retardation. 

A ballis dropped on the floor from a height 
of 10 m. It rebounds to a height of 2.5 m. 
If the ball is in contact with the floor for 
0.01 s, the average acceleration during 
contact is nearly [Take g = 10 ms~] 

(a) 500J2 m s-? upwards 

(b) 1800 m s-? downwards 

(c) 1500/2 m s~? upwards 

(d) 1500/2 m s" downwards. 

A body starts from rest and travels a dis- 
tance x with uniform acceleration, then it 
travels a distance 2x with uniform speed, 


20. 


21. 


8 
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finally it travels a distance 31 with uni- 
form retardation and comes to rest. If the 
complete motion of the particle is along a 
straight line, then the ratio of its average 
velocity to maximum velocity is 
(a) US (b) YS 
(ce) 45, (d) 6/7. 
When two bodies move uniformly towards 
each other, the distance decreases by 6m 
5. If both bodies move in the same direc- 
tions with the same speeds (as above), the 
distance between them increases by 4 m 
s'. Then the speeds of the two bodies are 
(a)3msand3ms'(b)4me'and2ms! 
(ec) 5m! and 1 ms! (d)7 mst and 3m st 
A ball is thrown vertically upwards from 
the surface of earth with a speed of 18 km 
hel If g = 10 ms“, then the maximum 
height attained by the ball is 
(a) 1.25m ()3m 
(c) 10 m (d) 180 m. 
A body covers 26 m, 28 m, 30 m, 32 min 
10th s, 11th s, 12th s and 13th s respec- 
tively. The body starts 
(a) from rest and moves with uniform accel- 
eration 
(b) from rest and moves with uniform velocity 
(c) with an initial velocity and moves with uni- 
form neceleration 
(d) with an initial velocity and moves with uni- 
form velocity. 
Astoneis droppey under gravity from rest 
from a heighth ee 9.8 ms) and it trav- 
els adistance # in the last second. What 
is the height A? ’ 
(a) 145 m (b) 100 m 
(c) 122.5 m (d) 100 m. 
A body is thrown vertically upwards in air. 
When air resistance is taken into consid- 
eration, let the time of ascent be ¢, and 
time of descent be t,. Then 
(0) 6, = ty b) ty <ty 
(Ot >t (d)t) >=<ty 
With what speed must a ball be thrown 
down for it to bounce 10 m higher than its 
original level ? Neglect any loss of energy 
in striking the ground. 


+ yoy any et 
Pe 
(Wdiims 

rest moves along 
ration 


tosme" 


Aparticle anitially 
‘ s subpector 


at 
xis It {to an accele’ 
ax 


gto the 
with time according : 
which varies NYE, 5. ts vetosity after 2 


equation | a = wes 

second will be \ 
a)omst io) mse 
lor j 
wim! isms 


Two cars A and B are traveling in the 
same direction with velocities Uy and Uy 
) When the car Ais at a distance 
dthe car B, the driver of the car A 
roducing a uniform 
will be no collision 


(ey > Up 
Sbchini 
applies the brakes Pt 
retardation a. There 


when 
3 ’ y 
mys cS — pys = EASE only 
P) 2a 
(eo (=o 
5 - 
iasz —* ss 


A particle moves with constant accelera- 
tion. If v,, v; and vy are the average ve- 
ocities in the three successive intervals 
t,t, and fy of time, then the correct rela- 
tuon is 


Yy ob yuck h-b 
@ org heh Oey hah 
yy -b yr the 
OD Th-b 7 ny bth” 


. A,B,C and Dare the points in a vertical 


line such that AB = BC = CD. If a body 
falls from rest at A, then the time of de- 
scent through AB, BC and CD are in the 
ratio 

(a): ¥2-1: 43-2 (1: v2: 3 
()1:2:3 (d)1:4:9. 

A ball is dropped from a bridge 125 m high. 
After the ball has been falling for 2 second, 
another ball is thrown downwards with 
such a velocity that the two balls strike 
the surface of water simultaneously. The 
velocity of the second ball is nearly 

(0) 27 ms"! (6) 30 ms“! 

(40 ms (d) infinite. 


20. 


30, 


3L 


32. 


33. 


34. 


Bmporiens * 


jody released from a great hoj f 
vey towards the earth, Anoka tally 
released fram the same height oxnel| Vy 
second later. The separation between 
adies two second afer the releg the 


vob 
he second body is Ke of 
(a) 9.8m (b) 4.9m 
(uo m (d) 19.6 mn. 
A ball is throwe vertically upward ‘at 
velocity ‘u’ from the balloon descengj 


swith velocity v. The ball will pass by th { 
balloon after time ¢ 


u-v tu 
(a) Gy (b) QR 

Qu - v) 2(u +) 
(c) e g 


Asteamer takes 12 days to reach from por. 
Ato B. Every day only one steamer gots 
out from both the ports. How many steam. 
ers does cach boat mcet in the open seq? 
(a) 12 (b) 13 

(e) 23 (d) 24, 

One car moving on a straight road covers 
one-third of the distance with 20 km ht 
and the rest with 60 km he!. The average 
specd is 

(a) 40 km h- (b) 80 km h-! 


(c)46 3 km ho (di 36 km bo, 


A particle covers 4 m, 5m, 6 mand7 min 

drd, 4th, 5th and 6th second respectively, 

The particle starts 

(a) with an initial non-zero velocity and moves 
with uniform acceleration . 

(6) from rest and moves with uniform velocity 

(c) with an initial velocity and moves with uni- 
form velocity 

(d) from rest and moves with uniform accel- 
eration, 

The two ends of a train moving with con- 

stant acceleration pass a certain point 

with velocities u and v. The velocity with 

which the middle point of the train passes” 

the same point is 


coy uiset 


(d) Juso. 


M 


Ib. 


37. 


38. 


39. 


40, 


41. 


yrion 


a ee 


NOONE DIMENSION 


A rifle bullet losen 1/20th of its velocity in 
posing through a plank. The loast 
number of such planks required to just 
atop the bullet is 

(a)5 (b)10 

(Ml (1) 20. 

Astoneis dropped into water froma bridge 
44,1 m above the water. Another sto: nie 
thrown vertically downward 1 s later. Both 
strike the water simultaneously. What 
was the initial speed of the secand stone? 
(a) 12.25 ms"! (b) 14.75 mat 

(c) 16.23 ms (HATS mst, 
Astone falls frecly from rest and the total 
distance covered by it in the last second of 
its motion equals the distance covered by 
it in the first three second of its motion, 
The stone remains in air for 

(a) 65 (b)55 

(c)78 (d) 45. 7 
A body starts from a point O with a velo- 
city u and uniform acceleration a. The di- 
rection of acceleration is reversed when 
the velocity of the body becomes 5v. The 
velocity of body at point O will be 

(a)-v (b) - 5u 

(e)-Tu (d) - Sv. 

On applying brakes, an automobile stops 
after 5 second covering 25 m with uni- 
formly retarded motion. The initial speed 
of the automobile is 

(a)5ms* (0) 10 ms 

(c) 15 ms (d)20 ms. 

A balloon is at a height of 81 m and is as- 
cending upwards with a velocity of 12 m 
s-!, A body of 2 kg weight is dropped from 
it. Ifg = 10 ms, the body will reach the 
surface of the earth in 

(a) 1.58 (0) 4,025 s 

(c) 5.45 (d) 6.75 s. 

Aboy takes 90 second to walk up a stalled 


, escalator. However if the escalator is mov- 


ing and the boy stands on the escalator, 


~ heis carried up in one minute. How much 


time the boy would take to walk up the 


moving escalator ? 
(a) 368 (b) 40s 
(ce) 41.25 s (d) 43.75 s. 


42. 


43. 


44. 


45. 


46. 


47. 


A particle starts from rest with uniform 
acceleration a. [ts velocity after n second 
isu, The displacement of the body in the 
last two second is 


dn-W dink 


fa) 
n 


ole 

n 
Astone thrown vertically upward flies past 
a vindow qne second after it was thrown 
upward and after three second on its way 
downward. The of the window 
above the ground 1s (Take g = 10 ms?) 
(a) 20 m (yom 
(ec) 10m (diom. 
Two bodies begin a free fall from the same 
height ata time interval of N s. If vertical 
separation between the two bodies 1s 1 
after n second from the start of the first 
bedy, then n is equal to 


() Jans 


dned 
ter — 


(c) aN z 
An object fall from rest. In the last second 
of its fall, it covers half of the total dis- 
tance. Ifg = 9.8 ms~?, then the total time 
of its fall is 


(a) (2- J2)s (b1(2+ J2)s 


(e)(22 W2)s (d)4s. 

The greatest acceleration or deceleration 
that a train may have is a. The minimum 
time in which the train can get from one 
station to the next at a distance s 1s 


2 
(a) — wo= 
a a 
3 1 fs 
A ball is thrown vertically upwards from 


the top ofa tower OfheightA with velocity 
v. The ball strikes the ground after 


v 2eh v 2h | 

vy PEAY ye fae bts 

w= [}- 2] w | 1 Fi 
v2 
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49. Asteara boat Bes hen the water i8 


ek(j)on a quiet day w ' 
pene on rough day when there is 
se mifarm current so as to help the jour: 
ne to impede the journey 
back If the speed of the launch on both 
days was Same, the time required forcom- 
plete journey on the rough day, as com 
pared to the quict day will be 
_ (b) less 
(c) same (d) None of these. 
in runs past 2 telegraph pole in 15 
¢, and through 2 tunnel 450 metre 
1 1g in 45s. The length of the train is 


auf 


ney o 


(a) more 


ta) 25m (6) 325 m 
(e) 425m (d) 450 m. 
1. Aship travels downstream from point A 


to point B in two hours and upstream in 
three hours. Then the time that it will take 
8 log of wood to cover the distance from 
point A to point B is 
{oh 12h (6) 7h 
(c)5h (d) 1h. 

52. Thedistancex covered by a particle inone- 
dimensional motion varies with time ¢ as 
x? = at? + 2bt +c. The acceleration of the 
particle varies as 


(a) x7 (b) 3? 
(2 (d) x9, 
53. The relation between time t and distance 
xis tsar? + fy an 
where a and fi are constants. The retar- 
dation is 
(a) 2027 (6) 2p? 
(e) ope (d) 2p%03, 


54. A train starting from rest travels the first 
part of its journey with constant accelera- 
tion a, second part with constant velocity 


BEmpore™ * 


55. 


56. 


58. 


59. 


eet 


wand third part with constant retap, 
0 being brought to reat, The nVorngg qh 
, 


-umneyis 2”. 
for the whole journey 18 5 « Toran gy 


els with constant velocity for ‘,,,,, of ty 
total time. 


3 1 
(a) 7 3 . 
9 
«ws = 
In Q. 54, the fraction of the distan 
travelled by body with uniform speed, 
the whole distance 1s q 


1 
(a) $ () g 


we d)}. 

Aparticle starts from the origin and move, 
along the X-axis such that the velocity a 
any instant is given by 40 — 2t, wheret i 
in second and velocity is in ms~', What jy 
the acceleration of the particle when it jg 
2m from the origin ? 

(a) 10m s** (b) 12 ms? 

(c) 22m 8"? (d) 28 m 5-2, 


. A particle roving along a straight line 


has a velocity vm s“!, when it cleared a 
distance of y metre. These two are con. 


nected by the relation 
When its velocity is 1 ms“! 
tion (in m s~*) is 

(a)1 (6) 2 
(c)7 (d) 0.5, 
A particle moving in a straight line with 
uniform acceleration is observed to be at 
a distance ‘a’ from a fixed point initially, 
It is at distances), c, d from the same point 
aftern, 2n,3n second. The acccleration of 
the particle is . 


gictts ry etbta 
. n? on? 
c+2b+a c-b+a 
OTe (d) 7 


Ifa, b, andc be the distances travelled by 
the body during xth, yth and zth second 
from start, then which of the following re- 
lations is true? 


MOTION IN ONE DIMENSION 


60. 


61. 


62. 


63. 


(a) aly ~2)6 Uz ~2)¢ lee yan 
(by alr -y)o UY 2) ¢e2-2) 09 
(elute ~2) 6 ble -y) 6 dy 2) 09 
(d)ax ¢ by +¢r 20, 


A particle Moves in u straight line so that 
its displacement x metre at time ¢ second 
isgivenby: t= Jx?-4 
Its neceleration in ms-? at timee second 
Is 
a+ we 

x x 

1 2 2 
()—--=> 5-4 

- mos 


ae: 
A stone dropped from a tower reaches the 
ground after 4s, If it is stopped 2s after 
its fall, and then released again, it will 
reach the ground after how many more 
second ? 


(a)2 (b)3 

(c) 8 (d) Ji2 . 

Three particles start from the origin at the 
same'time, one with a velocity v, along x- 
axis, the second along the y-axis with a 
velocity v, and the third along x = y line. 
The velocity of the third so that the three 
may always lic on the same line is 


(a) 2. 6) Sum 
Uy +Ug Uy + Up 
e) Yue (a) zero 
Uy + bp 


A boat can travel at a speed of 8 km h-tin 
still water on a lake, In the Nowing water 
of a stream, it can move at 8 km h7 rela- 
tive to the water in the stream. If the 
stream speed is 3km h~!, how fast can the 
boat move past a tree on the shore intrav- 
elling (é) upstream (ii) downstream ? 

(a) 5 km br! and 11 km ho! 

(6) 11 km h7 and 5 km h* 

(c) 8km he! and 8 kin h-! 

(d) 5 kim ho! and 5 km ho! 

A man runs at a speed of 4 ms“! to 
overtake a standing bus. When he is 6 m 
behind the door at ¢ = 0, the bus moves 
forward and continucs with # constant 


g 


67. 


69. 


iu 


acceleration of 1.2 m2. The man reaches 
the door in time ¢. Then 

(ai te =6 oO bet (6) 1.27 a A 

(oA aia (dif o Mt = 060, 
Water drops fall at regular intervals from 
a tap which ia 5 m above the ground. The 
third dropis leaving the tap at the instant 
the first drop touches the ground. How far 
above the ground is the second drop at that 
instant ? (Takeg = 10 ms-?) 

fa) 125m (b)400m 

(ce) 250m (4) 3.73 m. 

A particle starting from rest falls from ao 
certain height. Assuming that the value 
of acceleration due to gravity remains the 
same throughout motion, its displace- 
ments in three successive half sécond 
intervals are S,, S,, S;. Then 


(a)S,:S,:S:21:5:9 
(b)S, 2S, :S,::1:2:3 
fe)S,:S,:Sy::1:1:1 
{d) S,:8,:Sy:21:3:5. 


A ball released from the top of a tower, 


ll 
travels 36 of the height of the tower in 
the last second of its journey. The height 
of the tower is (Take: g = 10 ms) 
{a) 11m (6) 36 m 
(c) 47m (d) 180 m 


. Two cars leave one after the other and 


travel with an acceleration of 0.4 m s~*. 
Two minutes after the departure of the 
first car, the distance between them be- 
comes 1.90 km. The time interval between 
their departures is 

(a) 50s (0) 60s 

(c) 70s (d) 80s. 

The acceleration of a particle increasing 
linearly with time ¢ is bt. The particle 
starts from the origin with an initial ve- 
locity, vy. The distance travelled by the 
particle in time t will be 


1 = 1 
(a) ugt + & bt? (dh ugt og oe 


1 1 
(elugt + 5 be (d) ugt + 5 bt 
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motor boat, after ils engine is cut 
given by 
ae, =~ Ay where his a constant. 
dt 
Ife, is the magnitude 
0 
cut-off, the magnitude 0 
er the cut-off is 
wy 


of the velocity at 
f the velocity at 


time fal 


labs wry. 
By 
fedege™ Ww Yauy?kt + 1 
Ti. Acar starts from rest and acquires a Ye 


Jerationa. Then 


locity e with uniformacce 
iform retarda- 


it comes to a stop with uni 


tion §. The average velocity of the car is 
v 
fade bs 
al a+ 
Chery da 


72. The driver of a car moving with a speed of 
10 ms“! sees a red light ahead, applies 
brakes and stops after covering 10 metre 
distance. If the same car were moving with 
a speed of 20 ms“, then the same driver 
would have stopped (Ie car after covering 
30 m distance. Within what distance the 
car can be stopped if travelling with a ve- 
locity of 15 ms~!? Assume the same reac- 

+ tion time and the same deceleration in 


each case. 
(a) 18.75 m (0) 20.75 m 
(e) 22.75 m (d) 25 m. 


portent: Compre” 


thrown Ups 
h speed U renches the ground |p 


t, second. Ifthus ball is thrown downward 
from the top of the same tower with speed 
p,, it reaches the ground in f second, In 
what time the ball shall reach the ground 
ifit is allowed to fall freely under gravity 


79. A ball 
tower W 


from the top of the tower ? 
. rt 
hth ib 
@ wag 
to) Y's (d) ty, +t 


74.. A scooter can produce a maximum.acce]- 


oration of 5 ms™. Its 
a maximum re.ardation of 10 ms. The 


minimum time in which it can cover a dis- 
tance of 1,5 km is . 


(a) 30s (b) 60s 


(c) 90 8 (d) 120s. 

75. Given: ax? + bx = t. Here x and ¢ repre- 
sent displacement and time respectively, 
The acceleration of the particle at the ori- 
gin of the co-ordinate axes is 


E 2a 
(@) wa 

20 aa 
(ce) - ro (d)- r*) 


76. Ifthe velocity of a car isincreased by 20%, 
then the minimum distance in which it can 
be stopped increases by 
(a) 44% (b) 55% 


(c) 66% (d) 88%. 


vard from the top of q 


2 Its brakes can produce . - 


MOTION IN ONE DIMENSION 
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=  Answers/Explanations 


[ea Selected Multiple Choice Questions 


a) ; 
1. (a) 15 = 2t~5 «0.1 104,902 401 et 


or {4 — 400 + 300 = 0 or t?~ 302 - 10¢ +300 =0 
ort (¢~30)- 10(¢-30)=Oor ¢= 10s, 30 
Clearly, the correct answer is 10 5, a 


2. (e)ylt)=y10) + vO) + 3 att; 


¥ (= yO) + v(O) t+ 3 al? 


Clearly, y’ (1) ~ y(t) = y(0) -y (0), 
40 


3. (c)S,= o* x 20= 400m 

Sj’ = 40 x 20 m = 800 m 

40+0 
2 


2 x 40 = 800 m 


ip St 400 + 800 + 800 
av 20 +20 +40 


= 2000-95 me! 
= 0 sae =25ms 


4. (b) y(t) = (0) + v(0) + Sat; * 


1 1 
For first ball, y(t) =0+0+ 3 gis a" ; 
For second ball, y(t) =.100 - 40 ¢ + ; att; 
clearly, 100 = 40 or ¢= 2.55 


2v 2x98 
6. (b)t=— = —s= 
Ee 98 s=2s 
6. (6) Slope ofx -¢ graph gives velocity. On (b) 
option, slope is increasing. ‘< 


7. (a) Simple kinematic relation. 
Ss 
8 (a)u= T For uniform motion, 
v =constant, T isconstant... S'«t 
dx 
&. (dG aat or dx=atdt, fac = fot dt 


2 


ane +k, a gedndek 


13 (d) 


1 
10, (a) S,= 2 x2 10« 10m=100m, 


ve2x1l0ms!=20ms", 
S, = 20 x30 m = 600 m, 
07-20? = -2x4«5, 
. _ 400 
or S,= 3 50m, 
S = (100 + 600 + 50) m = 750m 
11. (a) Think of a body thrown up. 
12, (6) Think of? -u? = 2aS. In the given prob- 
lem, u = 0 and a is constant. 


ure 


- — 
@ Note that the velocity increasesata | 


uniform rate. 
@ Note that the ‘displacement changes’ | 

in each second are in the ratio | 
Lid: 5 te 


tan 30° 
tan 45° > 


Bees 


14. Mtv hee y= 
15. (d) Average velocity 
= ox 7k 
mae Ze x+dx+6r 
_ 60 20 10 60 
_ 3x x60 Kane 
= Te = 18km bv 


5 
‘a —mel= t 
18x75 ms Sms 
1 
16. (e) x= 70x 10x 10= 502, 


1 
xy 45,7 ya * 20x 20.= 2000 
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x xy exe 80 ID M0 
1 

x, #2000 ~ 50a » 1602, 
a 4500 = 2000 = 2500 

3 ¥y2 50a + 1600 : 2500 
2 xy X22 BS. 


D ot 
17. (a) SAMs = e Gort, + y= 12ms™ 
, 2 5 


+ | 
u Py 
1B (a) ug? - 08 = 2sh oF ze sh. 


10. (dy 0 = 8ti + 6tj, 2 =Bi + 67 


az \e'+6? = (64496 _ 


= J100 =10ms. 


a. | Questions for Self Assessment 


1. (c) Think of the slope of the given displace- 
ment+time graph at different points and you 
would arrive at the correct answer. 
Alternatively, look at the self-illustrative 
figure. 


Fig. 17. Highest point of flight. 


Emp 


22. 


sorium: competitive Physics (Objectiygy 


10 
2x10 x 108 +3 10x 107 + 24) 


[hx 0x OF +3 0% 07 +26 
4008 +300) 


are 4400? +(300)" 


or ar=100/16+9 = 500m 


v 
(ay 5 =¥-30% 15 0F D =15 
or v=s0ms" 


v? _ 30%30 45m 


Nas = Oy Bx10 


1 a 
(dy hy—hy= 5 B= =p * 1016" 34) 


=5x8x2m=80m. 


The area above the time-axis gives +ue " 
displacement. The area below the time- 
axis gives -ve displacement. There is 
as much area above the time-axis as 
there is below. So, the total displace- 
ment from launch to impact is zero. 


(b) The problem is based on variable accel- 


eration. 


1 
v= fade = ua+eu—-5 x2x2 
=36-2=34ms 
Since initial velocity is zero und the gain in 
velocity is 34 m s~'; therefore, the velocity 
at 14 second is 34 m 5“, 


| Fa-The above problem is based on 


| the following physical situation : 

A ball thrown vertically upwards and 
| returning to the point of throw, 
| As the ball rises, its velocity becomes 
tess and less positive, It becomes zero 
«at tie maximura height. Then the ve- 
locity becomes more and more negative 
because it is now falling at greater | 
Speed untit it returns tothe ground, | 


Problems based on variable accel- 
eration 


du 
dt 


Integrating, v = fe dt 


ordy=adt 


| 
We know that a = 


"CAUTION, ‘a’ is not to be taken out 
of the integral sign. . 


- 


orion 


NO 


4 


In ONE DIMENSION 


d 
(a0 = (x) 2-44 10 
e When t= 0,0 2=4 units 
oe Whenv =0,12t=4 


4d 
Jo Units = Sunita 


or ta 


© Acc, = 12 (Posi 


slope). 


4xOA AC 4% ABx AC 
sy Sacké hata Rathi i 


(a) "OA AB 


sae aed aaa Oh 
(b) tan GO" = Ga an tan 30° = 75 


OA tan 60° = AB tan 30° 

OA . tan3o? 1 11 
or Ap = tango? ~ Ja * Ja = 3° 
(b) Since acceleration is constant, therefore 
there is a uniform increase in velocity. So, 
the u-t graph is a straight line sloping up- 
ward to the right. When acceleration be- 
comes zero, velocity is constanl. So, v-t graph 
is u straight line parallel to the time-axis. 
(a) The portion OA of the graph is convex 
upward. It represents negutive accelera- 
tion. The portion AB represents that x is 
not changing with time. Clearly, itis a case 
of zero acceleration: The portion BC of the 
graph is concave upward, It represents 
positive acceleration. The portion CD isa 
straight line sloping upward to the right. 
It represents uniform velocity and hence 
zero acceleration. 


(a) Displacement = (2x4-2x2+2x2)m 
. =8m 
Distance =(2x4+2x2+2x2)m=16m 


(b) 

(a) is eliminated because if acceleration is 
constant, then both the magnitude and di- 
rection of acceleration should remain the 
same. PR 

Area under velocity-time graph is all posi- 
tive. So, (c) is ruled out. 

‘The velocity att = 4 second is 19.6 ms“, So, 
(d) is ruled out. 


(b) tor = 4845 x 1 xf? orf? 20¢ +96 =0 


or =f? 8-12 + 96=0 
or ¢(¢—8)-12(t-8)=0 


10, 


11. 


12. 


13, 


35 


or (1-12Kt-8)=Oort=6sorl2s 
But we are interested in minimum time. 


(6) 308 268 = dal, 30? =u? = 2a 


(80! = 207 = 2» 207 - 207° 
or Wwe 2% 307-30) + 207 

= 90 + 400 = 1300 or u? = 650 
or v= J650 not 225.5me7 
(b) | x= 6-3 


d 
Ups Gy (=D =6 
Particle A moves with constant velocity. 


d 
Une Gy (aR +3)=8-2, 


d 
Oy = 3 (Bt -2)=8 


Particle B moves with constant accelera- 
tion. 


d 
Ug = ay (B0— BH + tT) = OA oT 


Qc = 18t-4 
So, the particle moves with variable accel- 
eration. 

Xp = 7 cos 60* - 3 sin 30° 
Since xp docs not depend upon time there- 
fore particle is at rest. 


2h 


(d)t= hect?. Ifh is doubled, ¢ becomes 


& 
v2 times. 


So, the new time is 22 sie. 2x 14lts 

or 2.828 s. ‘ 
(a) For the fourth drop, ‘t’ = 0 ; For the-third 
drop, ‘t’ =¢; For the second drop, ‘t’ = 2t; For 
the first drop, 't’ = 3t. . 


BY 
Now, 9= z g(3tY (For the first drop) 
1 
= ptt= 
or 2 gal 
For the second drop, 


1 1 
hg= 3 attP=4% 5 gh aaximeodm 


. 1 
For the third drop, hy = 5 g?7= 1m 


So, the distances of second and third drops 
are 4 mand 1 m respectively. 
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hen be V8 geaaanl 
wher * 


ihe 3 
a, then the F 
16 The rae 
the first 


awd de? 
ato of distances 1 
yf the distances travelled 19 
a third and fourth secuntl 1s 


My = aU! 


, dy 
a= 
Mn ae 


4 iy atye d-6t 
dt 
Moreover, 


a 
te) Average acceleration = “yy 


- at 


f P10 e25 + y2e 10x10 | 3 


<? 
. 001 5 
ih ‘ 
+20 5i2 +12 
= O01 0.01 


= msvt= 1900/2ms* 

001 
The upward velocity has been taken as posi- 
tive Since average acceleration is positive 
therefore its direction is vertically upward. 


£9°CAUTION. Ja thes lypeofquestions, | 
the common mistake ts to Inke Su as 


s2nF - (Bek 


In this solution, tome has been saved | 
by the use of the formulae : 


uso a. s 
(ius 
wT 


tiy, 
My 


ww, (ede ty 


a 
20, (c) 2G=u + 5 (2x 10-N=us 


“ 9h zg pel sa 
2 (ce) Fe = 5 a-Das gn. Dividing, 


8 


pen 


wm yd tn pel 
"| Subtragy 


20," rore, aN 
elms 


only 


a When twee bodies move toward, 
other, fay 
| relative velocity | = SUM OF aye 

the two partigl 

e When two bodies move in the ‘any 
direction i 
J relative velvety | «difference F, 

peed 

porte Meta 


Author's suggestion 


In this (ype of questions, do not waste 
| your time in using v —u* = 2aS, 
[eases - == 


19a - 
ai 
Baus S (2x 11-1) 


2a 2la 19a 
uty ing op 28-2024 


a vim Shonen 
ora =2ora=2ms 7 2G6=u+ > (19) 


or w=7ms" 
Clearly, the body has a non-zero initial ve 
locity and moves with uniform acccleration| 


25° 2 


1 
=o x98x5x5m = 122.5 m. 


(b) Let g, be the retardation due to gravily 
in the presence of air resistance. Clearly, 
le1> lel. 
Ifv be the velocity of throw, then 

i a 


= “lll 


time of ascent, 4 z 
1 


F v 
maximum height = —— 
28, 


MOTION IM OND DIMEraOH 


23. 


24, 


lat gy be the nceater 
‘ation due to 
the presence of nir reaintance, Ciany v 


Imlelat 
a 


oy 
Now Di” | Malas where t, isthe time of 


descent. 
wt yt u 

Now,t,? = ——— «— 

8 ta t= Jing, 2) 
(2) L vu 
ll en i & ' 

iv = A g 
By * Yous“ Tava * Yan 


But| a, l>leland{e,f<fg] 


2 
4G Plone atyort <t, 


(b) Refer to Fig. 18 


ig 10m 
hi 
arma 
Fig. 18 
ue 10 
2g 


or =u? = 2% 9.8% 10 


or | + u= J19§ ms! = 1d ms" 
du 
‘dt 


wv 2 
Integrating, fe = fe +5) de 


(c)a = 2845, — = 2 +5 ordu = (2+ 5)dt 


2 


or v= ast =445x2=lMmst 


lo 


(c) The central idea in this prob- 
lem is to reduce initial relative 
velocity (vu, - Ug) to zero in dis- 
tance S’ such that S’< S 
Now, 0? - (u,- Up? = - 20S’ 


or gre -v,) 


2a 
To avoid collision, S'S S 


yn 


2A. UA Af u,',u Jf and,’ be Uhe velocities at the 


27. 


28. 


30. 


ends of time intervalat,.£, ©, andt, +t, 6 
6, renpectively, then 

vfeue atu sued, ot), 
uy sueatt, > 


usu usrurat, 
i eee Wi i) 
> as Mee aly) o ta vale +h) 
= 3 2 
eurat+tat, 
yt 
3 2 


eta talz + a salty ty +b) 
2 


surat, eat,+4 
Or v,=u+at, eat, + 5 at, 


Uy-vgeu+} at,—u-at,-} aty 
Pee | 
=-}oalt, +t) 
vy-vy=uset,> dat,-u-at, 


-iat, 


=-2at,-Lar,=-halt,+t,) 


[i te 
Oy dy lao ly 
(a) c= 4 gt?, 2x = 3 gt 232-4 2 
t= Jz, J2x.t, Jar 
The required ratio is 
1: 42-1: ¥3 - v2. 


(a) For first ball,u =0,4 = 125m,a=+10 

m s7? (say), f=? 

Applying A = ut + 3 at?,t=5s 

For second ball, u = ‘x’, A = 125m, 
a=+l0ms*,t=3s 


Applying A = ut+ 2 af?,‘u'= 27ms" 
29, (c) Ax= 4 gt?- 3 git- 1? 

= 4 gl? -- D4 = fd gl2e-1) 
=4x98x5m=25m 


In Qs. such as 29 use 
bre Fag lt,- ty) t+ ty 


(d) The discussion of solution of this ques: 
tion is extremely important 
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Solution of hall wert 
catution 1. Re wana ot Nw 
Solw 

= A ‘ i e ball te preach highest 
Time taken 


poont = cen! 


pecweriost & 


wat 
te— 


Duet ’ 
Total time © 
tthe balloon, has been 
ve solution. In 
areconssdenng 


Note tha! 


stopped in the abv’ 
ae 


jon, we shall 


In this solut 


Solution IT. 
ctres with respect to 


velo 


2 op (peak 5 


31. (c) Whes a steamer sey S starts its journey 

from B, eleven steamers are present in the 
ing towards B. The steamer S, 
towards A shall meet 12steam- 
ers. So, there will be a total of 23 steamers. 


eure sere sears 
A SS 


uunwe ere sea 2 
cc eey 
Moeuree res an 
a ea eee ee a ee oe 


Nunenwes eres e 

[a eee ae ree ee oe) 

wuts eres 
X : 


venues are’ 


Ce 


wee eww be 


meu we ete 8 
Seer ae a ae ae 
Np we eis 2 aD 
anew es wn 


BRAD wee wd 


Manan ws wn 
Fig. 19 


Begrrng Om! 


Enon 


34. 


37. 


BOX. 36 kin het 


OF Me * BO GO 


2 ned-Dordeue 


(a)deut 
Ja 
2 (and-Dorbeus > 


Sruty 


7a Sa 2a 
Subtracting, 1 = > air ae 


5 5 
Again, d=u+ 5 oruad~ o> =l5mst 


So, the initial velocity is non-zero and acce}. 
eration is uniform. 


2al and v? = 


(ce) v? -u* 
or 2(v?-u?) = 2al 

Equating, 2(0? -u?) =u? — u? 

_ tu? 


2 


19)" 
(2) -v? = 2ax 


0? —v? = 2anx 


2 
erry id 1 
Dividing, n= 


~ (20 + 19)(20- 19) ~ 39 
So, the bullct shall stop in 11th plank. 


1 
Ml eux2+ 9 x98x 2x2 
or 2u=44.1-4.9%4=24.5 


245 . 
or v=—m 5121225 ms") 


1 
8) 5 exdxd= (2n~1) 


or 2n-1=9 or 2n=10 orn=6s 


More 


38. 


39. 


40. 


Al. 


ye ONE DIMES ION 


© When a body 16 falling freely foom 


rest, the distances travelled in the first, 


second, third, fourth and fifth weeond 
of motion are in the ratin of 1a 5 
79 . 


Lotus now solve Q 37 by a different method 
Ifx is the distance travelled in the fitst ewe. 
ond, then the total distance travelled in the 
first three second is x + e+ Seu. St. This 
is clearly equal to the distance travelled in 
the fifth second So, the body has fallen for 
5 second 
(c) We know that v?—u? = 24S 
Note that 2a is constant. 
vt—nt = constant 

(Sv)? ul = v'%—(Eu? or 
ie ve-7o 
(6) Bad solution 


v7 = 49u7 
I+ ve sign ignored]. 


1 
O=U+aK5;252ux5 +o ax5K5 


N Bias ar sie 
iow, "y= 7 or bu =50 


or v=10ms"! 


Good solution 
v+O 25 


> 8s =5 or v=10ms"!. 
. 1 

(c).B1=- 121+ 5 x10x0? 

or St*— 12481 =0 


_ lat Jide axl | 


ort 


2x5 
_ Wat 1764 12242 SA 54 
> 0" = 10 = 10 ssods. 


[Negative sign has been ignored] 
(a) Let u, be the velocity of the boy relative 
to the escalator. Let v, be the velocity of the 
escalator. Then, the relative velocity of the 
boy with respect to the ground in the mov- 
ing escalator is (v, + v,). 
Ift is the length of the escalator, then 


43. 


or 


1 60% 150 
1” 0%” Oe 


1 
= - ant -—ain-27 
2 2 
a 
ay ta-Meun-v 


7] 
Butu=an or a= — 
n 


Displacement in last 2 second 
a= aSD 
n 
(6)4 ott git or 1 t-test 
2 2 
2h 


org —-2t~2h=0 = ths ra 


2k 
ladey or 2h220morh=lim 


=*‘Commit to memory 
ar +br+e=0 


6 
Sum of roots = ~~ 


Product of roots = = 


1 1 
le) 2 gnt,S,= 7 an NF 


1 , 
S,-Sy= 5 slnt-tn NF 


[Ignoring -ve sign] 
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+ the required time, then 
deceleration have taken 


t 
place each for ume > 


46. (e) Clearly 160 
acceleration and 


1 (88) ioe St» 
Nowe t(F] wees 5 


lon 22, _ 
47. (ayheneee g torgti= atk 0 


a (= Do) Vado? 4 de 
Pie ES 
: 2e 


= s2yitoeh 


2 
* a ih 
wwe zesl? 8 [ 3] 
eo Bi ey 
Now retain only the positive sign. 
er 


48 (c) Fractional loss in velocity =~ y 


{1 or t,>t 
i 
1+ 450 =45 
4 


50. (a) + =15and = 
% 
1+450 3! . 
or aH or 2=450 
or 1 = 225m. 
= 
= 2, — 
Uy - Wy 
Dividing: ote 2 
+, x 3 


or 3u,-3v, = 2u, + 2u, oru, = 5u, 


3 


51. (a) 
+ Uy 


Fs, =. 
Now, 50 + uy =2 or by, 32 


x 
or 7 = 12h. 


53. 


65. 


56. 


ame Compelihive Dhystes (Objective 


Smport 
Py 2htee 
la)real? 
Dirterentiating wort time, we got 
Py de gape gh or aveated 
ne 
(or ym ats! 


Again differentiating w.r.t. lime, We got 


» de 
xq odd sa . 
or xA¢uted OF ne v' 
at+b) 
or xase-(S 
ax? - ~b? - 2abt 

or xA= z 

12 + pabt + ac - a7? -b? ~ 2aby 
or xA= z 


(a) t= ax? + flr 
Differentiating, 1 = 2axv + Bu ; Differentiat. 


ing again, 


0 = Quxa + 2av? + flasa= DO 


1 
ee conte owe [gg] =-20 


or -a= 2uv%. 


Ww dure ut + oot 7_ tee 
@-* ra 8 bee 
or 6t=0 c 

v6 3 
Now Tara 4" 
y ux6l 


ut! oe 
(a) ae | ~ ut x But 
suttul'+oul 
2 2 ‘ 


os =409-2¢ or dx = 403 dt-2¢dt 
it 


‘ 4c). 2? 
Integrating, x = a atta¢ 
When x = 2, (*-?-2=0, ¥ 
pe cs Vir8 
2 
143 ; f 
or => — =2 (Ignoring - ve sign) 


67 


58 (a)b-a suns 


ve 
rion! 


NEL PIMTE A 


eo 12 - 


Anite ot 
when l= 2 acceleration = 12% 2_ 


= 22 m2 
ave fWoyiae oA wo 
age naz aoayir ed mrt 
fo 


gb - 2a = 2un + An? 


Fig. 20 


. 1 
Again, c—a@ =u(2n)+ g Al2ny? 


Subtracting, ¢c —a — 2b + 2a = An? 
c-2b+a 
er a 


A= 
A A 
(a)a=utD (2e-Vb=u4 > (2y-1), 


A 
caut > (22-1) 
a-b=Alx— cee -c=A(y-2z) 
e ey. 
yrz 
- = bx-by-cx+cy 
or ay— az +bz -bx +cx—cy = 0 
or aly —z) + b(z —x) + e(x-y) = 0. 


(a)? =x? - 


or ay —az~by + bz 


a- 
Dividing, Bec. 


lorx?=(?41- 


dx 
ax —= = 
or a 2torxv = 


dv dv 
hab aU yy? 
or 3 tO =lorx7 l-v' 
fe 
_ dv _1-v* x 
or = s = 
dt x x 
dv _ 1 
Butx?-¢? =1 —=5- 
ae 


4) 


61. ta ! 
Step hh a > *Wsdhedmetom 


Step in. 
PALA’ 77 We tetme20m 


PET 
Step itt.» [2x r= 12s. 


62. (5) Let time interval be chosen as 1 setond. 
PA OA», 
aoe Re 
PB * OB * ¥, 
So, Pls, 9) divides AB in the ratio o, : ¥,. 


0.v,ha 
isn 
» 
" 
ul 
° uy, wo) 
Fig. 21 
Using section formula, 
ae Us xO + vy xv, : U2, 
Up + vy Op +b, 
= Urby + Uy x S . Udy 


Ut, 


va Vey? = v2 site 
Now, replace u, by v, and v, by a 
63. (a) For upstream motion, v = (8-3) km h7? 
=Skmh'! 
For downstream motion, 
v=(8+3)kmh"=1) kmh 
64. (a) As the clear 


from Fig. 22, ‘ iw 
—_—_.+ 
He6e 5 e12xe a * ry 
a 
or 4¢='6 + 0.67, Fig. 22 


65. (d) Let ¢ be the constant time interval be- 
tween any two successive drops. 
At t'= 0, the first drop begins to fall 
At ‘t=4, the second drop begins to fall 
At 't’ = 2, the third drop begins to fall. 


Scanned with CamScanner 


t+ seas Mey 
Nii, 
- ao = ara or v= by = 


66. (d) S’« 12, Now, S284 25945* 


1h | 88 
67. a5 = 


68. (a) 1900= 


69, 


ground. 
So, the first drop has 


been in motion for time 
interval ‘2. 
For the first drop, 


Fig. 23 


= 10 « (22)! = 2007 
1 

o fags! 

For the second drop, 


1 5 
sna: 
yey * lor? = bt a 


Ne (s-Z)»- 3.75 m. 


or 1:4:9 
For successive intervals, 
$28,281: 1:4-29- 4. 


ra $15,285: :1:9:5. 


98 iy 
=p (2n-Wordn-1= 3g 0 


or 11n? = 72n - 36 or 11n?— 72n + 36 = 0 
or 1]n?-66n -6n + 36=0 
or I1n(n-6)-6(n -6)=0 
or (11a - 6)in - 6) = 0 


= n=6 — [Rejecting fractional value] 


i bea 


F * 0.41(120)? - (120 -1)?) 


1900 
or 9 = (240 —£)t or 9500 = 2404 - ¢? 


” or 2 240t + 9500 =0 


or (2— 190¢- 501 + 9500 = 0 

or ¢t(t - 190) - 60(¢ - 190) = 

or (t-50Xt-190)=0 = ¢=50s, 190s 
Rejecting ¢ = 190 s, we get t = 50s 


was 
a) =bt or dv =btdt 


70. 


ot? 


or UY BD 


ot? i 
or dx sult + 


Aft V oe o 221 

8 Ok ly wy vu? 2h 
2 

or AeA + ome oe 4 = At 2enhie 
vo Up 


Yo 


“ai us a 
youtke +1 


(6) v? = 20S, Also, v? = 2BS, 
? ? 
S=5,+S,= oat B 
Again, v = at, and v = Be, 


vv 
aT +a 
a” B 


(a) If ¢, is the reaction time, then the dis- 
tance covered during decelerated motion is 


10 - 104,. Fi 
Now, in the first case, 
10? = 2a(10 - 1044) uli) 
Similarly, in the second case, 
: 20? = 2a(30 — 20%) wali) 
Again, in the third case, 
5? = Date — 18¢,) iti) 
2 
Dividing (it) by (i), 2 = ome 


MOTION IN ONE DIMENSION 


cI a | 
or 40-401, = 30 20%, 


73. 


14. 


or 20t, = 10 or be 1 8 


Dividing (111) by (0), we gel 


225 | =~ Vt 9 
100 “10-10, T= 


45 =4x~30 or 4x = 75 


m = 18.75 m, 


1 
oles. +d at 


are alt, ithlorhe 2 ge, 
= pf? 2 
Also, A = at . Pathhore= Jit. 


(a) If v is it maximum velocity attained, 
then 
v?-0?=2%5xS,, Also, 
0?-v?=-2x 10xS, 
2 2 


v’ v' 
8,= 79 S2= 35 
vp? yp? 2 
=§,+S, = 1500244 aes 
10° 20 
>. 1800x 20 
or u' = J = 10000 or v = 100 ms! 


16. 


NS 


Again, 100 =0 + 5¢, ort, = 205, 
0 = 100-100, 

Or 101, = 100 or t, = 10s 

Total time = (20 + 10) 8 = 30s 


(e) Ge =2axeb or 5 “aoa 
or veo 
2ax+b 
de dv de 
ada de 
(daz + by (1-1) 4 (2ax +b) 
* de dz > 
(2ax +b)? 
eee 2a 
(Qar+by 2ar+b (2ar-bpP 
dv 2a 
Atze0, 77-5 


76. (a) 0?-y? = - 20S 
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1. When two vectors P and Q are inclined 
tocach other at an angled, then the mag: 
nitude of the resultant is given by 

Re {PF + Q + 2PQevsO 


uR makes an angle B with P, then 
Qsin8 

=———" 

P+Qcosd 

2. Properties of dot product of vectors 


tan p= 


WA.B-B.A 
WA ABs CA. BoA 


«3 


VECTORS 


JAR and B are perpendicular, then 


(uw 
K.B-0 — 
(v) Dot product of collinear veclors AandB 


iss AB. 


3. Properties of cross product of vec. * 


tors 


~ 


iy BxReAxB 
(i) 1A x B | gives area of parallelogram 
(iii) a \A xB | gives area of triangle 
2 


a4 


4 “ 
(iv) IA and B are parallel, then A x B =0. 


yECIORS 
45 
wm Selected Multiple Choice Questions 


6. 


1 


8. 


Choove the correct anaw, 
ing queatlons: 


rh and FR fre two vectors such that 
LF Fal LFF | and (ite =v, 
Then | F, + Fy |= 
(a) 4(2 + J2) F 


(c) F¥2 (d) None of these. 

A person moves towards cast for 3 km. 
then towards north for 4 km and then 
moves vertically up by 5 km. What is his 
distance now from the origin ? 

(a) 5/2 km (5)5km 

(c) 10 km (d) 20 kim, 

Which one is a vector quantity ? 

(a) temperature (b) momentum 

(c) work (d) speed. . 

Which is'a vector quantity 7 

(a) work 
(c) torque 
(d) Gravitational constant, 

Out of the following quantities, which is 
scalar ?- 

(a) Displacement 
(c) Potential energy 


(b)2F 


(6) power 


(6) Momentum 

(d) Torque. 

A body moves 6 m north, 8 m east, and 10 
m vertically upwards. What is its result- 
ant displacement from initial position ? 


(2) 10/2 m (6) 10m 
oF m (d)10x2m. 


Which is a vector quantity ? 

(a) Angular momentum 

(b) Work (c) Potential energy 
(d) Electric current. 


The vector product of force F and displace- 


ment 7 from the centre of action repre- 
sents 


{a) torque © 
(c) kinetic energy 


(b) work 
(d) angular. 


10, 


Il. 


13. 


14, 


15. 


ee 


er from the four alternatives given in each of the follow- 


If!, mand n are the direction cosines of a 
vector, then 


(a)l+menet ()Pemientat 
1 
wtih, (d) Ima = 1. 
man 


Thenngle between A and B is 9. Thevalue 


of the triple product A. B x Ais 
(a) AB . 


(c) A7B sin ® 


(5) rer0 

(d) APB cos 0. 

Kis directed vertically downwards and B 
is directed along the north. What is the 
direction of B x A? 
(a) east 

(c) north east 


(8) west 

(d) north west, 

‘The resultant of two forces, each P, acting 
atan angle Gis 


(c)2P sin & (8) 2P eos © 
2 
(@PV2. 


For any two vectors A and B,if A.B 


(c) 2P cos 8 


= | A xB], the magnitude of C BA+B 
s : 


(a) JA? +B? (A+B 


© ee (dh) {AF BPW AB. 
The vector sum of the forces of 10 Nand 6 
Nan be : 

(a)2N 
(c) 1BN 


()8N 
(d)20N. 


Given: A= 3i-j4+TkandB =5i+j+9k. 
‘The direction cosine'm’ ofthe vector A + 
Bis ‘ 3 

(a) 0 (8) Tr 


9 
(d) 5. 
Tor 
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li. 


18. 


21. 


22, 


(a) 0" 


23, 


What are the direction cosines of 


ie jth 
(a) 11,1 (0)2,2.2 
raid 
Pio Waa 
Os Dae +t BE s 


The resultant of two vectors: of magnitudes 


2A snd V2 Aacting at an angle 0 is 10 
‘A, The correct ¥aluc of 0 is 
(a) 30" (0) 45° 
(c) GO" (d) 90°. 


Given: B= XB and P=A+B. The 


angle between X and B is 
(a) 0" (b) 90" 
(e) 180° (d) 270°. 


|. The angle between thez-axis and the vec- 


tori + j+ Vk is 

ta) 30" (b) 45" 

(¢} 60° (d) 90°. 

Aman walks 40 m North, then 30 m East 
and then 40 m South. What is his displace- 
ment from the starting point ? 

(a) 30 m East (b) 150 m West 

(c) 40 m West, (d) 150 m East. 


Given: A. B =Oand X x @ =0. The 


= 13 
angle between B and C is 
(a) 0° (b) 90° 
(c) 180° (d) 270°. 


Given: P= A +B and P=A+B. The 
angle between A and Bi is 

a 
(b) 7 


i 
{e) 3 (dn. 


Given: B.Q=0andP xQ=8 i 
=0.Wh 
of the following is correct ? . se 


(a) Bg 


oP yA 


Emporium’ Compe 


26. 


27. 


29. 


30. 


fitive Ph, 


= 
(c) P is inclined to Q atan angle of age, 


(d) Statement is Wrong. 


Three forces (2i- aj+4k), (ai - 13+68) 


and m(i -jt k) keep a body in quit z 


brium. The value of m is 
(a) 10- (b)-10 
(c) 20 (d) - 20. 


2 3. 
. Projection of P on Qis 


15 
(a) B.Q () PQ 
(o PxQ (a) BxQ. 


atic : 
‘The magnitude of P - Q is P.+ Q. The 
angle between P and Q is 


(a) $ radian (b) mradian 


) # radian (a) & radian, 


A hall has the dimensions 10 m x 12 mx 
14m. A fly starting at one corner ends up 
at a diametrically opposite corner. The 
magnitude of its displacement is nearly 
(a) 16 m (6)17m 

(c) 18 m (d) 21m. 


. If Ais parallel to B, then 


ho 
(a) A . (A+B) =A?+AB 
() A x (A+B) = AB 

a4 
(A.B =0 ()A x (A+B) =9, 
The coordinates of the end points of a vec- 


tor are (4, - 4, 0) and (- 2, - 2, 0), The 
magnitude of this véctor is 


(a) 2.10 units (6) 3 10 units 
(4/10 units ~ (a) § 10 units. 

Two vectors @ and. are such that 
> re — ig 

a+b j=|@-o6 |. What is the angle 


between @ and 8 2 
(a) 0° 
(c) 60° 


-(b) 90° 
(d) 180°, 


ics (Objectiyg <7] 
) 


VECTORS : 7 

a 
Be eS we 

gi. Given: A = 2 +3). The angle between 


ah 32. What is the angle between (A-B). and 
A and y-axis is 


(AxB)? 
(a) sin7 2 (b) cos! 2 . 
: 3 (a)o" () radian 
(e) tant = (a) tant 4, I 
2 (c) radian (a) radian, 
- 
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Indicate the correc! 


ae Jar path with 
leis moving o7 a circu’ in 
i: Aparticless bi p, What is the change i 
ee eae it has described an ang 
its velocity“ 
of 60°? 
saa wo 
ote (d) 2v. 
ihe d shield moves 


Acar with a vertical win 


2, 
arain storm at spe : 
thenain drops fall vertically with a ee 
inal speed of 20 m sl. The angle : 
which be rain drops strike the wind shicl 
is 
(c) tan“! (23) (6) tan“! (32) 
fe tan! (5.9) (d) tan (9/5), 


and B is perpen- 


3, The resultant € of A 
|G |. The an- 


dicular to A. Also, |A| = 
gle between A and Bis 


Sn : 
(a) = radian (0) radian 


in, 
(ce) = radian (d) ca radian. 


4. A boat which has a speed of 5 km hr} in 
still water crosses a river of width 1 km 


along the shortest possible path in 15 min- : 


utes. The velocity of the river water is 


(a) kmh"! (6)3 kmh! 
(4 km ho! (2) Jai km bo! 


5. The resultant of two vectors A and Bis 
perpendicular to kK. The magnitude of the 
resultant is equal to halfof the magnitude 
of B. The angle between A and B is 
(a) 0° (b) 60° 
(eyaser (a) 180". 

6. !a an cquilateral triangle ABC, AL, BM 
and CNare the medians. Which of the fol- 
lowing would correctly represent the re- 


sultant of two forces represented by BC 
and BA? 


ed of 40 km bh. 


i 8 Qu estions for Se' f Assessment 
it i l 
{choice among the following opti 

ci if 


10. 


11 


Emportinn 


12. 


asd ei, 
) 


ns (a), (b), (c) and (dd), 


(b) 2AL 


(a) AC 
(d)2CN. 


(c) 2BM 
The angles which t+ J + 2k makes 

axis and z-axis Tespectivoly 
(8) 60, 45* and 4g. 
(d) 60°, 60° ang 60° 


x-axis, J+ 
(a) 60*, G0 und 45° 
(0) 45, 45° and 45° 


The angle between two vectors ~ sgh 


and 2 +3) +? is 
(b) 60° 


(a) 45° n 
(c) 90" (d) 180°, : 


. Two forces of F, = 500 N duc east and 


= 250 N due north have their common ing 
> ao st, 

tial point. Fz - F, is 

(a) 250V5.N, tan“ (2) W of N 

(b) 250 N, tan“! (2) W of N 


(c) zero - 
(d) 750 N, tan“? (3) Nof W. 


A river is flowing from west to cast at g ; 


spéed of 5 units. A man on thesouth bank 
of the river, capable of swimming at 10 
units.in still water, wants to swim across 
the river in shortest time. He should swim 
in a direction 

(a) due north (b) 30° east of north 
(c) 30° west of north (d) 60° east of north. 
Ship A is travelling with a velocity of 5 
km h7 due east. A second ship is heading 
30° east of north. What should be the speed 
of second ship ifit is to remain always due 
north with respect to the first ship ? 

(a) 10km h! (6)9 kmh"! 

(c) 8 kmh"! (d) 7 km ho. 

Aman swims from a point A on one bank 


-of a river of width 100 m. When he swims 


perpendicular to the water current, he 
reaches the other bank 50 m downstream. 
The angle to the bank at which he should 


ynctons 
rectly opposite point B 
on the other bank is tam 
(a) 10° upstream, 
(p) 20° upstream “ 
(c) 30" upstream Fig. 
(d) GO" upstream. 

13, Avector of length m is turned through a 
angle i about its tail. The change in the 
position vector of its head is 
(a) 2m sin B (b) 3m cos $ 

B B 
(c) 2m tan 2 (d) 2m cot 2 A 

44. Two forces, cach numeri- 
cally equal to 5 N, are 
acting a5 shown in the sy 
Fig. 2. Then the resultant 
is 60° 
(0)25N  (b)5N a 
(c)5V3 N (d)10N. Fig. 2 

15. The resultant of the i 
three vectors OA, LW 
OB_and oc shown 
in Fig. 3 is a c 
(a)r 
(b) 2r 
() 2 me 
c) ri + 2) fie.3 
(dy rW2- 07 

16. In the adjoining vector 
diagram, what is the an- 
gle between A and B? B hs 

= ¢ 
(Given :C = z ) 
(a) 30° = 
(b) 60° " 
Fig. 4 
(c) 120° - 
(d) 150°. 
17. The resultant of two forces has magnitude 


20 N. One of the forces is of magnitude 
20 J3 N and makes on angle of 30° with 
the resultant. Then, the other force must 
be of magnitude 


49 


(aon (8) 1049 N 
(208 (d) 20 3 N. 

18. What is the angle between two vector 
forces of equal magnitude such that the 
resultant is one-third as much as either 
of the original forces ? 


(a) cos! (- 2) (b) cos"! (3) 
18 4 
(c) 45" (d) 120°. 
19. What is the angle-made by 3i +47 with 
x-axis ? 
(a)0" (b) 180° 
(c) tan-! (3) (d) tan (3). 


"20. IfX =5 4G, and the magnitudes of A, 


= 
B, € are 5. 4 and 3 units, then angle 


between A and @ is 


3 
wert (2) 

° 

3 
(c) sin-! (3) 


21. Given: A = Acos@i + Asin j . A vector 


4 
my ee 
(b) cos ($) 4 


Ws. 
5. 


B which is perpendicular to A is given by 
(a) Bcos 01 -B sin 0j(b) B sin Oi ~B cos 0) 
(c) Boos 0/ + B sin 0j(d) BsinOi + Beos 0}, 
22. Ifthe resultant of two vectors A and B is 
perpendicular to A, then the angle be- 
tween A and B is 
(a) tant (- 4) (b) sint (2) 


3) 
1 af - 
(c) (4) (d) cos ( 1c 


23. Each components of a vector A making 
equal angles with x, y and z axes is 


, A 

- b) VBA 
oF ‘ 

MEA aq. 
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a4. 


30. 


+ GE) newton acts on 


ddisplaces tt from 
oj -27 +7") 


of (100 - 33 
fmass 100 ¢ an 
3h) metre to (1 


A force 
abodyo 
(6h > ak 
. The work done Is 
ee (py 12d 
pen (a) 1000.4 ve 
: ftwo vec! 
{the magnitudes o! 
The The magnitude of their reste 
1p If the resultant is perpendicu'ar te me 
ofthe vectors, then the magnitudes 


(8) Gand 12 
(d) Sand 10. 


(Tard 11 
= f+ @. Also, R. @ and R 


Given: R 
have magnitudes 5, 12 an 
spectively. The angle between Q and 


py ‘) (3) 
cerca (HE (8) 0s" [55 


d 13 units re- 
Ris 


{creos"* (3) (d) 90°. 


[unit vectors A and B are inclined at an 


angle 6, then | A - BI is 


0 0 
(2) 2sin > (b) 2.c0s > 


e2uns (d) tan 0. 
Forces 5 N, 12 N and 13 N are in equilib- 


5 
rium. If sin 23° = rr then the angle be- 
tween 5 N force and 13 N force is 
(ce) 67° (6) 90" _ 
(c) 23° (d) 113°. 


. Two forces, each equal 


to F, act as shown in 
Fig. 5. Their resultant 7 
is 


60" 
(b)F 3 


(BF Wier Fig. 5 


The angle which the vector A = 2i + 3j 
makes withy-axis, where andj are unit 


F 
, 
@s 


vectors along x and y-axes respectively is 
i ot 


31. 


32, 


33. 


34, 


35. 


Emportune we. 


(b) cos~! (273) 


19/5) 
lad (d) sin! (27a), 


(tan (2) 


ir = 41-2) + 6h and G = §~ 2) ap 
angle which b+g Makog Wi 


(a) cos! (&) (6) coam! (4) 
vonls) or) 


A boat is sent across a river with aye) 
ity of 8 km h7. If the resultant Velocity op 
the boat is 10 km he, the river is flowing 
with a velocity 

-(a)6 km ht (6)8kmh-! - 3 
(c)10 km h7 (d) 128 km h-!, ; 
A man is walking on a road witha Velo. 
ity3 km h-}. Suddenly rain starts falling, 
‘The velocity of rain is 10 km h~ in verti. 
cally downward direction. The relative 
velocity of the rain is 

(a) J7 km bo! (b) V3 km h-* 

(c) 13 km het (d) {109 km h-1. © 
The rectangular components of a vector 
are 2, 2. The corresponding rectangular 
components of another vector are 1, 3. 
The angle between the vectors is 

(a) 15° (6) 30° 

(c) 45° (d) 60°. 

Two point masses 1] and 2 move with uni- 
form velocities y and % respectively, 
Their initial position vectors are R and 


then the 
x-axis 1S 


2 respectively. Which of the following 

should be satisfied for the collision of the 

point masses 7 

@) 3-4 
Ip +n] 


a4 
vty 
oar ee 
[v2 - a] 
+4 44 
(6) O22 - eat 
4 Se 
In-ml Ive-ul 
a) 
() 222. Ba 
In +n Pra 
a4 
(dq) 220 ea 
= 


~ 
I= rol tue sand 


VECTORS 


30. 


7. 


eo 


38. 


39. 


40. 


41. 


42. 


The sum of the magnitudes Of two force: 
acting ata point is 16N, The resultant of 
these forces is perpendicular to thesmaller 
force and has a magnitude of 8N, If the 
smaller force is of magnitude x, then the 
value of x is : 
(a)2N (b)4N 

(c)GN (d)7N, 

In going from one city to another, a car 
travels 75 km north, 60km north-westand 
20 km east, The magnitude of displace- 
ment between the two cities is (Take 
V2 =0.7) 


(a) 170 km (6) 137 km 
(c) 119 km (d) 140 km. 
Given: A = 24 pit gk and B = 


51 +7) +3k.IfK =H, then the values of 
pand q are respectively 

us Mo6 

(a) = and = ()-y and = 


(ec) 2 and 3 a and ; . 

Two forces P and Q acting at a point are 
such that if P is reversed, the direction of 
the resultant is turned through 90°. Then 


(a) P=Q {b) P= 2Q 


(c) P= 8 
(d) No relation between P and Q. 


A carrom board (4’ x 4") has the queen at 
the centre. The queen hit by the striker 
moves to the front edge, rebounds and goes 
in the hole behind the striking line. The 
displacement of the queen from the cen- 
tre to the hole is 


(a) 4 : (6) 22" 
id 
5 v0" (a) + i 


In Q. 40, the displacement of the queen 
from the centre to the front edge is 


(a) 4° (b) 2/2" 
2 4 
yZ vi0" Wz Ji". 
In Q. 40, the displacement of the queen 


. from the front edge to the hole is 


43. 


44, 


45. 


46. 


47. 


(aya (6) 202" 
2 

(5 Vio" ie vio". 

Given: a+b+c = 0. Out of the three 

vectors @.b and é, two are equal in mag? 

nitude. The magnitude of the third vector 

is J2 times that of either of the two hav- 

ing equal magnitude. The angles between 

the vectors are 

(a) 90°, 135°. 135° (5) 30°, 60", 90° 

(€) 45", 45°, SO" (d) 45", 60", 90". 

A person walks in the following pattern : 

3km north, then 2 km west and finally 5 

km south. How far would a bird fly ina 

straight line from the same starting point 

to the same final point 7 

(a) 2 kro (5) 242 im 


(3.42 ken (2) 4/2 km 

The resultant of two forces P and Q is of 
magnitude P. If P be doubled, the result- 
ant will be inclined to Q at an angle 

(a) 0" (b) 30° 

(c) 60° (d) 90". 

The resultant of three vectors 1, 2 and 3 
units whose directions are those of the 
sides of an equilateral triangle is at an 
angle of 

(c) 30° with the first vector 

(b) 15° with the first vector 

(c) 100° with the first vector 

(d) 150° with the first vector. 

The area of the triangle formed by the 


adjacent sides with A =-3i +2} — 4% and 


Ba-i+2j+kis 


(a) = units 6) 7 units 


(c) J165 units (d) {137 units. 


48. A particle moves in the xy plane with 


only an x-component of acceleration of 
2 ms”. The particle starts from the 
origin at ¢ = 0 with an initial velocity 
having an x-component of § ms“ and 
y-component of — 15 msq'. The total 
velocity vector at any time ¢ is 
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gon 819 


(a) 

(d) rere 

(ye IS) 

(g) directed along 2-86* 

49, The angle between two ¥ ecaiie 
isg. The resultant of a and 61s 


a. Then 


an angle with 
. (gyab = 1 


dard 
b 2. 

meee (a= 

ential fune- 


a ceed bythe pot 
50, A regionis specified by vide ential gra- 


tion 2x - 3y + 4z. Then, the pot 
dient is ea 
(a) 2f +3) +08 (b) w -3y 44k 


(ayak. 


3) 


6), 


52. 


Emporitn 


a: COINPeleeies 2 heen ws Chiye) 


Aunit vector along incident ray of high | 
j. The unit vector for the corresponding 
cted ray of light is? of isounit % 
J to the boundary of the medjy, 
ed towards the incident medium, 
fenctive index of the medjy, 
aw (2nd) of refraction jg 


refra 
tor norma 
and direct! 
Ifm be the re 
then Snell's . 
fayixdemiixe) OER aula) 
(ii epdexa) My G XA) = Fx a, 

ABCDEF is 8 regular hexagon with point 


— tape 
Oas centre. The value of AB +AC +Ap 
+ AE + AF is - 

(a)2A0 (6) 440 

10) 6A0 (a) 0. 


vectors 


2 


7. 


(a) F,F, 608 0 = FYF, sind 
or tanO=1 or O= 45° 


~~ 4 
Now, | F; + Fp |= yF? + F? 4 OF? cos agp 


- aF? 42x ok te 


(a) r= 3? +4? 48 = 9416+ 25 
250 = 5V2 km 

(b) Temperature, work and speed are 
scalars. 


(c) Work, power and gravitational constants 
do not have direction, 


(c) Displacement, momentum and torque are 
vectors. 


(a) r= 6? +8 +-10? = (36+ 64+ 100° 

= ¥200 = J100x2 m= 1042 m. 

(a) Work, potential energy and electric cur- 
rent are scalars. 


(a) t=7xF 


9, (6) Ifa vector A makes angles a, B and y 


10. 


11. 


with x-axis, y-axis and z-axis respectively, 
then 


(b) © If any two vectors are paral- 


lel or equal, then the scalar triple 
product is zero. _| 


(6) @ in the Fig. 6 represents K directed 
vertically downwards. Hold your right-hand = - 


12 (6) 


53 


Answers/Explanations = 
gs Selected Multiple Choice Questions 


" 


ry 
z 
w E 
s 
Fig. 6 


parallel to B. Curl your fingers towards A. 
The direction of erect thumb will give the 
direction of Bx A. The erect thumb will 
point towards west. 

R= P? + Ps OP? cos 0 

or R? = 2P? 4 2P? cos 

or R? = 2P%1 + cos 0) 


or Rts 2m(1+ 2cos#2 -1) 
6 

or R? = 4P? cos? — 
2 


or Re 2P cos 2. 
(d) AB sin0 =ABcos0 
or tanO=1 or O= 45" 
C? =A? + B? + 2AB cos 45° 
=A?+B?4 J2AB 


or C= yA? +B? +J2 AB. 
(6) Ray, =(10+6)N=16N 
Rain = (10-6) N=4N 


Clearly, 8 N is possible. 


Maximum possible resultant of P and 


_ 

| Qis(P+Q). 
| Afinimum possible resultant ‘of P 
(> @)and @ is (PQ) 


| 2 4, 
The resultant of P and Q can vary 
from (P= Q) to (P + Q). 
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18. (a) Za pes 10s + 16k 
me == 20, 
\a+Bl 
16. (d) cere SEY ; 
17. (b) ah aia rT 
or 4A? = 4 [2 A? c0s 0 
i = 45° 
or es 0= => 0 
is [Peat 


JA-B |? =(A+BP 
‘Als B?—2AB cos 0= A’ + B?+ 2AB 


or cosO=-1 
or 0 = 180". 
i+ 7+ 2 
19, (6) cos O= Litera 
wo 
or cos 0 == R 
or 0=45". 


20. (a)S;= 40j +301 -40j =301. 


n Y 
s o = 
Pig.7 


Bo, displacement is 30 m east. 


+74 
21, (6) A.B=0 = ALB 


2% (a) |Pl=A+B = |Py2=(As By 


1A +B/t=(a4 BP 


23. 


24. 


25. 


26. 


27. 


28. 


29, 


Emporis 


: a 
4 520 2 PI@ 


These are contradictory results, 


So, statement is wrong. 
(b) The vector sum of given forces shoulg be 


zero, . . - 
107 emi -10s-my + 10k + ming 
(10 + m)i ~(10 + m)J + (10+ mk 
e satisfied if 


This equation will bi 
m=-10, 


Jo+m=0 or 


=e 
(a) Projection of P on Q is P cos, 


i 
' ‘ 
; : 
a 
Fig. 8 
PQesd0 P.Q 3 - 
Pcos0= Q ="@ =P.Q 


) IP-@P =P +? 
P2+ Q?-2PQ cos 0 = P? + Q? + 2PQ 
2PQ + 2PQ cos 0=0 


or cos0=-1 


or 0 = 180° or n radian. 
(d) ‘S = 10+ 12j+14h 
or [S| = 107412414? m - 
= /100+144 + 196 m 
=V440 m = 21m. 
+4 4 4a > 
(a) A.(A+B)=A.A+A.B 
= A? + AB cos 0° = A? + AB 
(a) ne (9 — xy) + (yo - yy)j + (22 -zph 
r= ([-2-4]/ +[-244]}+0-Ok 
=~ 61427 


r= 6? +2? = See4s 
= V40 =2V10 units 


|r| or 


VECTORS 


a0, (b)a? +b? + 2nb cong at +b 24h cong 


or dab cos 0 = 0 
But 4ab40 
Allter 


030 = Oor d= 99° 


a 4 ay 
(a+b)and(a-b)are the diagonals of a 
porallelogram whose adjacent sides are @ 
and 6, 

4 + 
Since | a+b |=|a-§ |, therefore, the 


(wo diagonals of a parallelo, 
So, think of square. This lends, to8s me 


| it. | Questions for Self Assessment 


1. 


2. 


a 
(c) dv = v2 - vy = v2 + (-u)) 
The angle between an and rs 
vw, is 120°. 


Av? =v? + 0? + 2u? cos 120° 


x: 
zalt-t] ea 


or dv 


(c) tan p= 


+ 


31. (e) tano= 2 
3 


9 = tant! (3). . ) 


a 
byol Fig.9 
32. (b) Ax B is perpendicular to the plane of 
A ard B. 
Also, A - B isin the plane of A and B. So, 
AX B is perpendicular to A-B. 
o=5 radian. 


5. (c) ang = or sing = 522 2 


zl 


= 
A 

Fig. 14 

or @= 30", = 180°-30" = 150°. 
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ted Lat the fer 


we Tame 


3. (a! Ps 

A evaded 
bed | 

dee = a=; 

ite = fiz 60 
65 
pee 3 rest 

ea Dame 


oe AB 
8. te) cos ce 


Fig. 16 


1 F-F, | = yl600 + 200? = 260/68 NW. 


nitive Phvercs (Ob jectingy 


pryonum C 


8 
Fig. 17 
minimum, cos Ois maximum, ie, 
ere So, the man should swim due 
orth. 
ee ae: 
ne ay in dO" 27°F 
or vu, = 10km hl 
" 
w £ 
. s 
Fig. 18 
“42. (d) Refer to Fig. 19 (a), 
. _ 600 _ 1 " 
tang = SE = Fz 8 May, 
Im 


Fig. 19 

Refer to Fig. 19 (b), 
ind= te-2 i = 30° 
sinO= 28 or 0=30' 


So, it is 60° upstream. 
13, (a) Am? =m? + m? = 2m? cos fi 
= 2m‘ (1 - cos B) 


=2nt(1-16 2sin?f) 

2 
a8 
cdntente: 
im* §1n' 2 


6 Fig. 20 
or Am=2msin 2: 


m, am 


ve 


eros 


4, 


1h. 


17. 


18. 


19. 


(b) Note that the angle betwen 
n 
forces is 120° and nat Got the given 


(c). OC and OA arbequal 
inclined to each ther at an ane caeand 


So, their resultant in J2r ft acta midway 
between OC and OA, 16 along On 


Now, both rand v2 
line and in the same director the same 


rans f3) 


Resultant =r + 


d) sin 0" . 
(dd) sine 


or 0" = 30" 
Now, 0 +0' = 180° 
or 0+30"= 180". or O= 150". 


(c) Let P be the unknown 
force 
zw 

P? = (20V5 } + 202 

— 2(20X20V3 ) cos 30° 2aN 
or P? = 1600-1200 =400 ; 
or P=20N. Figi22 

1 2 

(a) (3) =1241242x1x1«cos0 


= 2(1 + cos 0) 2108 


or 1+cos0= 75 \ 


coso= 4+ -1--2 
eB 18 


Fig. 23 
apy as 
or 0=cos 18)" 
at atant (4 
(d)tanp=> or P=tan (3). 


¥ 


2 


Fio 24 


21. (b) Clearly, 
thould be either 
in second 
quadrant or 
fourth quadrant. 
In none of the 
given options, 
we have 7 
term’ So, second 
quadrantis ruled out Also, & should male 
an angle of 0° -0 with X-axis. So, 8 should 
be 


Fig. 26 


B cos (90° - 9)i — B sin (90° - 9)) 
or Bsin 9; -Beos oy 


22. (cd) IfDis the angle between A and B, then 
Band 

A+Beosd 
Bsind 

A> Bcosd 
Bsind 

A> Boos 


tanQ= 


or tan 90° = 


or == 


>! 


Fig. 27 
= A+Bcos0=0 


aA A 
=-> =cos!|-—|. 
or cos = BO 6 ost 4) 


Ay. 


23. (a) AS Sees 0, cos, St ss 


But cos a=cos B = cosy 


e ASASA 
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Ay 
iG oA tay 
A 


AS= Acsae V3 


Now, cos ae 


j-7j +108) 
wt) 
waft) 
9588 pagan 
P-Qas0 =-P 


= 


P-Qeos0=0 or Qcos0 


or 
cr (Q-PXQ+ P)=144 
or (Q-P) 18 = 144 [From eqn. (#)] 
or Q-P=5 = (itt) 
Adding (1) and (121), 
2Q=26 or Q=13 
Now, P+13=18 [From eqn. (i)) 
or P=5. 
26. (a) 137 = 57 + 127 
169 = 169 ss 
wie at B a 
This shows that P and Q jo 
are perpendicular to each 
o on 7 Fy 
12 ; 
OR Fig. 28 
12 
a eor! | 
or O=cor (2). 
“2% (a) |A-BP =(A-B) .(A-B) 
A A-AB-B.A 68.8 


=t~eosa)=2 [1-14 Bin? S] 
40 hr ly 
e4sintS or (A-B] = asin 5. 


Fig. 29 
9° = 90" - 23" = 67° 
or = 180° - 67" = 113°. 
29, (6) Note that the angle between two forces 


is 120° and not 60°. 
R?=F?+FP+ 2F? cos 120° 


1 ; 
or poeorts2Ft(-Z)=F? or R=F, 


2 
30. (c)tanB= > 


or P=tan"! (2) 


> 


2 


(ce) P+Q=5i-4j+3k Fig. 30 


5 5 
cos & = = Y50 
a7 +4743? 50 
7 anaes u } 
or = [50 


32, (a) 10? =u? + 8? i 
v?=100-64=36 or v=6kmh" 


31. 


or 
v 
81 Ao 
Fig. 31 
33. (d) v= f107 +3? 
= ¥109 kmh"! 10 
3 


Fig. 32 


yrCTORS 
> ae 
a4, (a) A=U+2), bai J3y 
At 
cos 0 = 
or cos = ts Bie 4 Say 
2 492 
2s 
2x22 ~ aye 
1+ 1732 2.732 


* 2x Lala * 260g = 0-965 
0 = cos! (0.966) = 14.97 » 15° 


Alternative method 


2 
tan 6, = > =1or0, = 45° 


tand,= 2. 13 or 0, = 60° 


Fig. 33 
0 =0, -0, = 60° — 45° = 15° 


Ay 
Note. tan B= a," 
35. ° (6) For collision, 
47S 
+t ant+y 
yt 4 8 
or TT = (vo -vy)t 


= 
ut 
aa 4 
2 ut 
= 
" 
Fig. 34 


36. 


37. 


$9 


Equaling unit vectors, we get 


Ain 3-4 
I~ al. (ep- oy 
le) geyrlb 
Also, 72 = «2? ! 
or Pebho(16-77 gy y 
[. 2-16-y) 
ory? =64 + 255 + 3-32 
or 32y = 320 or y= 10N 7 


*. £410216 of 226N. Fig 35 


(e) $= 75} = (60 mn 4577 
= 60 sin 457i] + 208 


or § =(20-60x 07) + (60x07+75) 


> 
b+ 


Fig. 36 


o § ==22i +1177 


S= (227+ 117? = (484+ 19689 
s= 14173 = 119 km. 


2s 


~_ Ed 

(a) A-B=|2 p q|=0 
573 

or i(3p—7q) + j(5q - 6) + R(14-5p) =0 


= Sp=%q, 54-6=0 or a=e 
4 
14-5p =0 or 5p=14 or ps. 


Rand an) 


(a) tan B= 5 cos 


Fig. 37 
Scanned with CamScanner 


{\ 
A Fig. 39 
Fig. $8 
Qsind 
é tan B= p_Qeosd 
utp’ + 90° +B = 160" or B= 90 ay 


tan r= tan (90° - B) = cot 8 
Qsind 
ct B= p_Qeas0 
Multiplying (i) and (1, 
Qsint oy 
PP- Qh cos? 0 
or Q? sin? 0 = P?- QF cos? 
or QHsin?@ + cos? 0) = Pp? 
But sin? 0 + cos?O0=1 
Qi=P? or Q=P ; 
| No need for negative sign. 
cQt=2242? or cQ=2v2" 
40—42. 40. (b), 41. (c), 42. (d)) This gives the 
displacement from the centre to the hole. 
‘Again, let P be the point on the front edge 
from where the queen rebounds. 


weit) 


43. 


Emporuine Compe 


stitive Phy: 


sics (Objoey 


4 
or a) 9 


or 3 ‘ 
displacement of the 


is gives the 
This Rivet to the front edge, 


ee, 
from the centre Cae 
in, PQ represents the displacement 
fein from the front edge to the hole, 


rents (2-3] 


veata (4) 
or PQr=4? +13 


4 > 
or PQ=3 10’, 
4 4 
(a) Suppose | @ | =| b | =o 
+ 
Then je|=W2a 
a2 a) 
Given: a+b+c¢=0 or a+b=-¢ 
44°95 a. 
or. (a+6).(atb)=(-¢).(-c) 
or a? +a? + 2a? cos 0 = 2a? 
or cos0=0 or 0=90° 
+4 9 
Again, b+¢ =-a 3 
4 4 + 
o (Be). (B+ e)=a)-Ca) 
or a? + 2a? + 2(aXy2a) cos @ = a? 
= "20° 1 
or os 0=- rr a 
or = 135° 
Similarly, we can work out the third angle. 
~ * + + 
() r= 8j-2-5j 
+ 4 3s 
or rs 2]-2 


ypcTores 


46. (eh) Reaullant of and Qin given ty he f 

% PoP Qh e 2PQ cong 

or E+ 2PQ cont = 0 

or QUQ+ 2P cos) =O 

putqzo Q4 Posten 

If fiis the angle which the resultant makes 

aot 2P sino 

with Q, then tan (j= Qs iced 
But Q + 2P cos 0=0 
. tanp=— or fags, 
R, = 1 + 2 cos 120° + 3 cos 240° 


46. (a) 


1 1 3 
R,=1+2/-= -=|..3 
of aad ( z} +3 2)>-3 


ry 
o=tan (5) «90 
Te) 
ij ok 
a4 
47, (a2) AxB=|]-3 2 -4 
S12 fF 


= i248] + jl4 +3) + k-6 +2] 
= 10i+7j-4 
|AxB] = 107+ 7? +4? 
= §100+ 49416 = V165 
165 


los 
A i == = 
rea of triangle 2 Ax B] 2° 


4h. 


49. 


60. 


51. 


52. 


6 
() ue Ameta,=2mert 

~ “ oy . + 

Uy u, 6a,t = Bis Qi 

U, =~ 15], Ven +8 
Or Ve lB Ott -15j) mot. 
(a) tan 2 2 2 8in 

2 a+benso 
sin = 2 sin! ene 2 


or 2 cost 2 a+ 2 cost 2-8 


or a=b, 
(b) By + 4z 
nv 
-3,5724 
Potential gradient 
Biles Aary Cae ey 4k 
ae a aa 


(c) You have to try all the options. Let us 
discuss the correct option only. 


ix sp lexa) 


~ (1X1) sin (180° - £) = w(1X 1) sin (180° =r) 


sini=psinr. 


n 


Fig. 44 
~ 4 34 

(c) AB+ AF= AO A 
a) 
AC = AB+AO 
4 3 
AD=2A0 
3a 3 3 
AE = AO + AF 

oa SS 
Adding, AB+AC+AD+AE+ AF, 


Sn ee. ae) 
=5A0 + AB+ AF =5A0+At 


a er) 
[. AB+AF = AO] 
sf 
=6A0. 
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ee PIMED Cag _ 
) 


or Zt sin Ot 


3,9 


wo AND THREE DIMENSIoy, 


1 
y =u com Ot - gat. 


2 


+ The equation of tenjeetary in 
2 
y=xeaty-—@ 


DP sin? 6 


4. Resultant velecity at any time tis 


veoed P+ gt? - Ww gt con d- 


IfBis the angle which the resultant veloc- 


Motion IN ds 


s 


Be Fig2 ity makes with the horizontal, then 
Case imum height, na, OF H = £2 sin? : 
inte to Remember for the 7, Maximumbeight,4,,,, or H = sinty ‘ veo O- gt 
Important Points to Ke eer : aS Important Factual Information for thec, tanB= erry te 
of a Projectile Thrown at an Angle 8. Maximum height, also known as yoy). ET EE roe eee 
— range, attains the maximum vale For the Case of an Oblique Projective 8. Time of ascent = 20232 
=e . ro ctivn : 
the Rorizon(#! ; 0=90°. fy Thrown at an Anglo 0 with the Vertical 
Consider a projectile thrown with velocity v sin 20 oT, Time of descent @ 2289, 
patan angie @ with the horizontal. 9. Horizontal range, R= ———, Let us now consider the case of a projec- . 
v aie equation oftrajectory is tile thrown with velocity v at an angle Owith the B. Time of flight T = 2 cos 6 Hele lesen 
. fom 10. The horizontal range is maximum fora yertical. = © is Inrges 
yextan6— Qu cos’ 0 angle of projection of 45°, for 0=0*. 
i pee | 
11. The maximum value of horizontal Tang 9. Maximum height,h,_, of H = o os a 
2 28 
0 ‘ 
is —. 2. 
& 10. Horizontal range, R= wae 2. 
‘ 12. The horizontal range remains the sany| 8 si 
Lon whether the projectile is thrown at a| 
angle 6 with the horizontal or at an angle Fig. 3 
Fig. 1 of (90° — 8) with the horizontal. 
This is the equation of a parabola. 13. The horizontal range remains the same 
2. Resultant velocity at any time t is .. whether the projectile is thrown at an| 
angle 0 with the horizontal or at an angle 
: yo? + g7t? - Qugt sin 8 0 with the vertical. - 
3. IfPis the angle which the resultant ve- : 
Jocity makes with the horizontal, then A General form of Formula for Horizontal 
usin 0- gt 
tanf= eer) Range ; 
jin 8 
4. Time of ascent = 7 s ‘ Re v? sin 20 
pest usin @ 8 
5. Time of descent = an ee 20? sin 0 cos @ 
6. Time of flight, T = 2omin'0! - Itis largest id ‘i 
ter oe 90° & “ R = 2lucos 0) (usin 6) 


& 
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1] Selected Mul 


Iternativ 
Choote the correct answer from the four 2! 
00: 
ing questions: ai the bullet leaves the yabaeen gun, it 
A man can throw a ball 19 @ Beth 50 hnppens till ins to fal) 
* heat ofh. He can throw the sam freely. The buliet ‘ 
te i horizontal distance of (a) go above the monkey 
(ah (b) a (b) go below the aed — 
: (d) 247, or may not hit the monkey. It will dg. 
We stone is projected which remains saree upon the velocity of the bullot 
en a id ‘ 
constant 7 (d) hit the monkey. a 
(e) Angular momentum 9. The time of flight of a peaiectile is maxi. 
(8) Linear momentum mum when angle of projec ion is 
(e) Vertical componeat of velocity (a)30" (6) 48" 
(d) Horizontal component of velocity. ; (c)60" (d) 90". 3 
If two balis are projected at angles of 45° 49: Two projectiles are thrown with the same 
* and 60° and the total heights reached are inva] velocity at angles «and (90° ~ q) 
same, then what is the ratio of their initial with the horizontal. The maximum heights 
velocities ? attained by them are ht, and hy respec. 
(ce) \2:43 () J3:v2 ; : Abs sis 
(3:2 (d) 2:3. tively. Then ly is equa 
. One projectile moving with velocity V in (a) sin? & (b) cos? 
space, gets burst into 2 parts elieeass in (tan? (d) 1. 
the ratio 1:3. The smaller part becomes i ‘ected at 1 
. 5, ety 11. Two bodies are projected at angles @ and 
stationary. What is the velocity of the (90° — 6) with the horizontal at the same. 
rac ()V speed. The ratio of their maximum heights 
(a) 4 is 
’ 
“ava ISN (a) 1:1 (b) 1; tan 8 
. Abody is projected with the same Md + (e)tanO:1 (d)tan?0: 1. 
is anes 70", 60", ea Sora the poe 12, Abody is projected at an angle of 30° with 
ace aaa - the horizontal with momentum p. At its 
ae bi 7 highest point, the momentum is 
(c) 60° ". 
P 
An aeroplane flying horizontal! with a (a)p (b) 7 
speed of 360 km h7' release: a bomb at a 2° 
height of 490 m from the ground. When (c) 3, (d) BP 
will the bomb strike the ground ? 2 3 
18. It was calculated that a shell when fired 


(a)8s (6)68 
(7s (d) 10s. 

In Q. 6, the bomb will strike the ground at 
a distance of 
(a) 50m 

(c) 1000 m 


(6) 100 m 
(d) 267.9 m. 


. A hunter takes an aim at a monkey sit- 


ting on a tree and fires a bullet. Just when 


tiple Choice Questions 


cs given in each ofthe fotto,, 


from a gun with a certain velocity and at 


an angle of clevation = rad should strike 


a given target. In actual practice, it was 
found that a hill just prevented the tra- 
Jectory. At what angle of elevation should 
the gun be fired to hit the target ? 


motion IN TWO AND ‘THREE DIMENSIONS 


14. 


$n 1p 
(a) — rad (6) 
36 36 Tad 
in 13: 
= rad ud 
(e) 55 a (d) 3g Tad 


Two balls are projected from th 

point in directions at 30° and g0* with the 
horizontal. Both the balls attain the sain 
height. The ratio of their velociti 

height 3 ities of pro- 


1. 


(a) V3 :2 43 33 
VB:5 ay Bi. 

Aglass marble projected horizontally from 
the top ofa table falls at a distancex from 
the edge of the table. If h is the height of 
the table, then the velocity of projectionis 


( ce 


(c) gzh 


(b)x 


2h 
(d)gr+h, 
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Competitive Physics (Object 
) 


t 
sessmen 
. for Self AS 
uestions j i b), (c) and 

ma Q _eamong the following options (a), (), (d), 

Indicate the correct choice : (a) $00 J (b) 400 J 

vq from the same aod (d) 100 J. 
a projectites thrown {rom i (c) 200 : ; ; 

h Oe nal 60" and 30° ees ats 7. Astone is thrown with a velocity v may 
pr Mattain the samme RCIERE TOE * ean angleowith the horizontal, At omg 
oftheir initial velocities is instant, its velocity V is perpendicular tg 
(el oy? the initial velocity v. Then V is 

5 wz: (a) vsin 0 (b) v cos 8 
tele ie st by (e)utan 0 (d) v cot 0. 
2 A bomb is dropped on a 8. Aprojectile is thrown at angle B with ver. 


in| horizontally with a 

e! and at a height of 
ing the bomb, 

490 m. Atthe time of dropping 

how far the aeroplane should be from the 

enemy post so that the bomb may directly 


hit the tanzet ? 


an arroplane fly 
selocity of 60 krm ho 


400 _ 
w>8 o> 
oe m (d) 498 m, 


3, Absll rolls off the top of a stairway hori- 
zontally with a velocity of 4.5 m “1 Each 
step is 0.2 mhigh and 0.3 m . Ifg is 
10 ms*, then the ball will strike the nth 
step where n is cqual to 
(a)9 - (b)10 
(c)11 (d) 12. 

4. The x and y coordinates of a particle at 
any timet are given by x = 2t + 4t?andy= 
5t, where x and y are in metre and ¢ in 
second. The acceleration of the particle at 
t=5sis 
(a) 40 ms? 
W)6ms? 

5. A body is projected from the ground at an 
angle of 60° with the horizontal. The ratio 
of the maximum height attained by it to 
its horizaatal range is 
{0) 49:1 (6) V3 :2 
(ivy (V3: 


A projectile is projected with kinetic 


energy of 800 J. If it has the maxi: 

0 ir 
Possible horizontal range, then its Kinetic 
energy at the highest point will be 


(b) 20 ms? 
| (d) zero, 


6, 


10. 


ll. 


12, 


tical. It reaches a maximum height H. The 
time taken to reach the highest point of 
its path is 


E » (2 
(a) V5 ( z 

H 2H 
(ce) De (d) roa ry 


. Two projectiles, one fired from carth with 


5 ms7! and the other fired from a planet 
with 3ms7! trace identical trajectories, If 
acceleration due to gravity on earth is 9.8 
ms~, then the acceleration duc to gravity 
on the planet is 

(a) 1.5 ms? (b) 3.5 ms~* 

()7.5 ms? (d)9.5 ms~, 

An arrow is shot into air. Its range is 
200 mand its time of flight is 5 second. If 
g = 10 ms, then the horizontal compo- 

nent of the velocity of arrow is 

(a) 12.5 ms" (6) 25 mst 

(c) 31.25 m 5? (d)40ms". 

A projectile of mass m is thrown with a 

velocity v making an angle of 45° with the 

horizontal. The change in momentum from 

departure to arrival along vertical direc- 

tion, is 


(0) 2mv (6) V2 mv 


mu 
(d) 
) z: 
Two stones thrown at different angles 


have same initial velocit; 
8 a 'y and same range. 
MH is the maximum height attained by 


(c) mu 


erin 


13. 


14. 


15. 


16. 


iw TWO AND THIEL DIMENSIONS 


the maximum height attained by the other 
stone i6 


ws (WH 
om (d) 3M, 


Ifthe air resistance causes a vertical re- 
tardation of 10% of value of acceleration 
due to gravity, then the time of flight of 
an oblique projectile will be decreased by 
nearly 
(a) 6% 
(c) 8% 


(b) 7% 
(d) 9%. 


; A projectile shot into air at somie angle 


with the horizontal has a range of 200 m. 
If the time of flight is 5 second, then the 
horizontal component of the velocity of the 
projectile at the highest point of trajectory 
is 

(a) 40 ms 
(9.8 mst 
(d)equal tothe velocity of projection ofthe pro- 

jectile. : 

A projectile A is thrown atan angle of 30° 
to the horizontal from point P. Atthesame 
time, another projectile B is thrown with 
velocity v? upwards from the point Q ver- 
tically below the highest point. For B to 


(6)0ms 


collide with A, a should be 
1 


? : a 
Fig. 4 
(a). (2 
a) ; (a4. 


For a projectile thrown into space'with a 


2 
speed v, the horizontal range in et . The 
‘B 


: 2 
vertical range is = . The angle which the 
ie 


67 


projectile makes with the horizontal ini- 
tially is 
(a) 15° 
(c) 45° 


(b) 30" 
(d) 0". 


17. The velocity of projection of an oblique 


projectile is (2 +j) m s'. The horizon- 
tal range of the projectile is 

(a) 4.9m (b) 96a 

(ce) 19.6 m (d) 14m 


18. Aballis projected with a velocityu 50 that 


its range on a horizontal plane is twice the 
greatest height attained. Then, its range 
1s 


2 
(52 we 
g z 
2 
Ao (a) cai i 
55 g 


19. A body has an initial velocity of 3 m st 


and has an acceleration of 1 ms? normal 
to the direction of the initial velocity. Then 
its velocity, 4 second after the start is 
(a)7 ms along the direction of initial velocity 
(b)7 ms“! along the normal to the direction of 
the initial velocity 

(c)7 ms“! mid-way between the two directions 
(d)5 ms" at an angle of tan"! 4 with the di 


rection of the initial velocity. 


20. A body is projected at an angle-q to the 


horizontal with kinetic energy E,. The 
potential energy at the highest point ofthe 
trajectory is 
(a) E, 

(c) E, sin? 0 


(0) E, cos? 0 
(d) E, tan? 8. 


21, Astone is thrown with a velocity v at an 


angle Owith the horizontal. Its speed when 
it makes an angle B with the horizontal is 


(0) v cos 0 Fert 
vcos0 
(c) v cos Ocos B (@ cop” 


22, Two projectiles A and B are thrown with 


velocitiesu and ; respectively. They have 


the same range. IfBis thrown at an angle 
of 15° to the horizontal, A must have been 
thrown at an angle 
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2 
(a) tan! [sr (0) tan-! (=F 20 ms“! at an angle of elevation of 30°. 
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Emport 


mum height, then the | 
t of the velocity OF projéeu 
(b)vsinoyg lt 


the max! 
componen 
(ayvsinoxd 


Then the ratio of the total time taken by 


1 
(by sin”! (3) 
the ball to hit the ground to its time of 

6 


1 
afb 
ri4(1 usin (d) 4 
we(?) wise (Z)- (1 is 7) ww [22] (d) tans! [4]. flight is 
ae a stat hevelocity of the projectile y. ” # (a)2:1 (W131 
at 30. In@. 29.1 + Whe go. A ball is projected horizontally with a (4:2 (ast. 


ectile is moving it ox: oe height equal to half of the 
‘ itisata hog Tay), speedv fromthe topofaplanc inclined at 40. A.0.098 kg block slides down a frictionless 


23, When a point of its trajectory ‘ > 
ighes! ar ight is i i 
theo into two equal parts oo oo” mum height an angle 45° with the horizontal, How far track as shown, The vertical component 
rane vertically up with a veloc : het 2943079 from the point of projection will the ball of the velocity of block at A is 
rent The magnitude of velocity of 0 (ayy feos 0¢—p— (0) v2 0 cos strike the plane ? 
ms”. - 
. : 2 2 
Leip . (0) 60ms" (c) usin d he y) an ee 8. (a) = (b) es 
- -1 hat is the angle of proje, 
i at (d) 130 ms*. ' 3l. InQ. 29, w de 5 ection 
Solil range of an oblique ae with the vertical ifthe velocity at the high. @ wv? (ad) Jz ae 
44, Theho of a rough whic 5 Bos mae 
tile is equal tothe distance th ‘st to int is J— times the velocity when; 
i fall freely from res est point is 5 ¥ hen it 37. A ball rolls off the top of a stairway with 


a projectile has to 


Mee valocily 
acquire 0 veloci eat ye angle ofp 


herizontal velocity vy ms". If the steps 


equal to the velocity of 
are h metre high and w metre wide, the 


is at a height equal to half of the maxi. 


projection in may height ? 
preje mum height ? Heated : 
jection is iaiet™ (oh s* (b) 30° ball will hit the edge of nth step if (a) Je (6) Ve 
ost . 
md (a) 30". (9 45" (d) 60°. : tb) = Bho” wave ave. 
25, A particle starts from the originatt=0. 39 ‘Thepathofone projectile in motion as se« gu 41. Whena Projectile is Projected ata certain 
” Tt moves in a plane with a velocity given from another moving projectile is War 2h? : angle with the horizontal, its horizontal 
by: 0 =U,j + (aw cos wt)j. The equation (a)astraight line —-(b) acircle gu Hd isR and ae of men a 7 When 
ye V=Uor . r Peper ier: . , 7 @ same projectile is thrown wi’ e 
AC) an ellipse (d) a parabola. 36. A projectile is thrown in the upward di- same specd at some other angle with the 


rection making an angle of 60° with the 


horizontal with a velocity of 147 ms". horizontal, its horizontal range is R and 


of trajectory of the particle is 
time of flight is T,. The product of T, and 


(a)y =a sine (b)y =a cos wt 33. A ball is projected upwards from the to, 


ofa tower with a velocity of 50 ms~! mak. 


in [ 2 =). ‘ i ich its inclinati 
(dynasin (:} iy=aces F } ing an angle of 60° with the vertical. If the Eee int ne ot its inclination T, is 
26. A projectile is thrown with velocityu mak- height of the tower is 70 m, then the ball be a : (b) 1098s ak (6) 2B 
ing an angle q with the horizontal. It just will reach the ground in (Take g= 10 ms~) 5.498 (d)B.745 s. & & 
crosses the tops of two poles, each of height (a) 2s (b)38 ais h f ae a 3R d) 4R 
h, afer 1 second and 3 second respectively. (a5 7 39, From the top of a tower of height 40 m, a a7 hs 
ches fe ball is projected upwards with a speed of 


The time of Night of the projectile is 
(a)1s (8) 3s 
* (eds (d) 7.8. 


34. A plane surface is inclined making an 
angle 0 with the horizontal. From the 


InQ.26, maximum height attained by the 
projectile is = 


bottom of this inclined plane, a bullet is 
fired with velocity v. The maximum 
possible range of the bullet on the inclined 


6g (0) 2g lene 

(3g (d) 4g, pa : 
2B. In 26, his aes ‘peu 

«a ” We 2 - om 

v' 
Sa (e) She ae — 

> (d) 2. 8 (1 sin 0) () dtcoet) * 

a: 35. Ifthe time of flight of a bullet over a hori- 


A projectile is thrown with veloci 
is elocity v at 
an angle 0 with the horizontal, When the 


Projectile is at o height equal to half of - 


zontal Tange Ris T, thén the inclination 
of the direction of projection with the hori- 
zontal is, 
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” 


Pp 


ach 


n 
te) avez Oe 
(a) 35" is closest to 45° 

x40 | 
(a '=\ O35 saiy 
= 100 s= 10s. 


x= 360km bh? x 10S 
350 x 1000 

_ sx 

=~" 3600 


(d) As is dear from Fig. 6, 


x 10 m = 1000m. 


1 
yertan0-5 5 (0) 
(for the monkey) 


MM 

0 
uw 
xane 


> Fig.6 


ax? 
For the bullet, y = x tan 0 - state 
0 


ice Questions 


um: Competitive Physics (Objective 


Empon 


o- 2 |= 
or yer ane 9" lu cos 0 
1 2 
yextan0- > 6 wd 
or yextal 2 (2) 
[:aeos0=2) 
t 


result follows from (1) and (2), 


The 
9, (d) T= 2usind , For maximum T, sin 9 
should be maximum 1.e. O should be 90°, 
2 sin? a h _ v? cos? a 
10. (c) = gp a= og 
m = tanta 
v? sin? 0 
1. bya = 3g 
r) v sin? (90° - 0) 
h mas 2g 
. ‘i v? cos” 0 
or Wig = Qe 
«2 
eq, maz _ SIND _ 19, 
Dividing, mae cule in 
12 (c) p=mv 
Jimv_V3p 


p' = mv cos 30° = 2 
13. (d) Required angle 


2 _ Sm _ 16n—5n _ 15K pain 
2 36 36 36 
. 2 2ano yp 2sin? 60° 
wu @ we 30° _ u* sin* 60 
, 2g 2g 


or 


15. wi Bree irs or vex e. 


1 


a 


aya nwo AND THREE DIMENSIONS 
‘or 

e Rt 
ps Questions for Self Assessment 


_ vain? 0 
(d) ra 
In the given problem, h,,,, i8 same in both 
the cases. 
v}? sin? 60° = U,7 sin? 30° 
30° 


h 


mat 


1 
Qn = — x 10x = 50 
0.20 2 x 


(a) 


0.3 = 4.5¢ 
2_ 50 
Dividing, 3745 t or = ¢t=068 
Now, 0.3n = 4.5% 0.6 =2.7 


27 
-or n=03" 9. 
d 


() Oe og MEN ACH 2 + Be 
d 
= — (2+ 8t)=8 
ar ) 
0, = 5 60=5,0,= 4) =0 
So, acceleration is along x-axis and its value 
is 8m s~?. 


24 
u~ sin” 0 
ve ee” 


(d) fer. = 
R 


2g = usin 20 


(6) For maximum possible horizontal range, 
@=45° 
Kinetic ‘cnergy at the highest point 


1 r 
m (v cos 0)? = 2 mo? cos? 45° 


x 800J = 400 J, 


7. (d) Equating horizontal eamponents, we got 
V cos (96° - 6) = vena 8 
Fig. 7 
or VsinO=v cos9 
oe Vv cote. 
per | 
8. (b) He 
2g 
ors veos B= V25H 
veosB J2aH 
fas 
& 


or 


9. (b)y=xtano-— 2 
2v? cos* 0 

For the given problem, x, y and 6 are 

constants. 


> = constant 
98 

= 2, 
oxs g=35ms?. 

2 4 
10. (d) 209 = 28028 | goune 

> & & 

Dividing, 40=v cos 6. 


11. (b) Change in momentum is the product of 
force and time. 


Quain® 
Ap =mgx 


= 2mu sin @ = 2mv sin 45° 
= aa =v? m. 


12. (d) Since range is given to be the same there- 
fore the other angle is (90* - 30°), ie., 60°. 
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in’ Qu sin 0 
14. (a) 28022 = 200, rama 
| Dividing, 
vixgsineosd, 200 _ 49 
= wsind0 & 


& 
or veces 0= 40m s"! 
Itmay be noted here that the horizontal com- 
ponent of the velocity of projection remains 
the same during the Night of the projectile, 
15. (c) Equating velocities along the vertical, 


v,=u,sin30" or 


v sin 20 _ Vav? 


16, (6) 
& 2g 
3 
ors sin 20 = —— 
sin 2 


or 20=60° or 0=30° 
‘Let us cross-check with the help of data for 
vertical range, 


Zend 2? 

ye sin’ 0 _ vu ’ 1 
— -=— or sintus— 

2g Bg 4 

or sino=3 or 0=30°, 


Emporium: Competitive Physics (0 y 


L\ 


6 

Fig. 8 

and v,=8m gs? 
Also, v?=u,?4 ¥ 


= 36+ 100 
or = v= 10 ms! 
6 
sind= and tos = Ty 
v? sin 20 _ 2v? sin Ocos 0 
ait) eae Oe 
B64 
R=2x10x 10x 10 * 10.% 19 ™ 
= 9.6m. 
2 228 
v? sin 20 sin 0 
18. (c) ar Ta 
or 2cos 0 =sin 0 
N5, 2 
LZ) 
| 
Fig. 9 


or tan 0=2,sin0= Fe, cos = Je 
5 


4u? 
5g 


nF lee ext] 


19. (d) Let the initial velocity be along z-axis. 


Then acceleration is along y-axis, 

After 4 second from start, 
v,=3ms}, 
vs0+1xd=4mst 


marion In 


4 TWO AND THREE DIMENSIONS 


nage --3 


ams" 
Fig. 10 
v= yoy? + uy? aA. 
= 0+ 16 = 25 mstehms- 


tan f= 7 or f}= tan! (4). 
3 3 


20. (c) Let v be the velocity of projection and 0 


21. 


22. 


23, 


the angle of projection, i 
Kinctic energy at highest point is 


J nvtcos?0 or, costa 
Z 26. 
Potential energy at highest point 
. =E,-E, cos*o | 
= B,(1 -cos* 0) 
= E, sin? 0, 
(d) Vcos (}=ucos 0 
_ cos () 
cos ft 


tx Note that the horizontal velocity 
remains wichanged. . 


26. 


v? sin 20 


@ i, 
In the given problem, vu? sin 20 = constant 


(d) In this problem, we have to keep in mind 
that the momentum has to be conserved both 
along horizontal and vertical directions. - 
Let u, be the horizental velocity of the other 
part. : 

Applying momentum conservation along X- . 
avis, we get 


27. 


13 


mu, = (2m) 
or ¥, 2 120ms! 
Applying momentum conservation along Y- 
axis, we get 

mu, = m(50) or v= 50 ms 
Velocity of the other part, v 


a Ve? +0, = 1207 + 50? 0 
= 416900 ms! = 130 ms! 


(a) Using v? - u? = 2aS, we get 


u' 


- 1 
in20=> 
or sin2d=> 


or sin 20=sin30° or 0215" 
The other possible angle of projection is 
(90° - 15°), L¢., 75°. 


() =X ey, of de=udt 


“dt 
or x=ug o = tae 
. % 
Again, vu, =aw cos wt 
Y caucosue or y=aw Sut 
dt 
or y =asinot =a sin = 
% 
or - y=asin . 


1 
()  h=vsinor-2 ge 
ec! usin 36 


or 3 otto sin +h =o 
usin 0 
the 
2F 
ree 2u sin 0 
or +ty= = 
ieee 3s : 
or T=(1+3)s=4s z 
2 gid 
v* sin’ 0 
(8) 4 = ——— 
) mat = 9g 
\ tq? 
oe a e 
8g gat gerixdady 


[rvsino~ 2] 
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los 
pevsint- 5 


gs (c) 2 
when redsthen 
1 
Aces 5k 
or 


or 


1 yz-ysin or h=0 
Alter. 5 tte sin OF 


2 
in 0 
ut=(0 coor «(2227) 


v? sin? 0 
u=v? cos' 0+ > 


30. (a) 


or 


<2 
0 
i aa (coto 3] 


2 
or —v'=v \Icos” 0 : 


ina 
2 sin’ 0 
a1.) stewtned fo or 
or. Geos? = 2cos? 0 + sin? 0 
or 30s?) =sin?0 
or = tan?0=3 
or tand=J3 or 0=60° 
Angle of projection with vertical 
= 90° - 60° = 30°. 
. 1 
32. (a) x, =v, cos Of sy =, sin Ot > Be? 
1 
sin ,t- = gt? 
P 2° 


y= vz C08 04 iy, = 


33. 


vy SiN 02 = Uy Bing 


* by ens tly = Yom, 


741 
2 stant yxy — x 

or yyy = eon a i) 
‘the equation af a straight ling 


This : a 
Alternative Explanation 


i =u, C08 Oy + (Uy sin 0, ~ Rj 
and y= 82 608 Opi + (U2 Sin Up ~ geys 
Relative velocity, "12 = ¥1~ 42 
= (vj cos 01 ~ ¥z Cos 02% 

+ (vy Sin 0) ~ U9 sin y 
Clearly, the relative velocity is timenig, 
pendent. In other wards, relative Velecity 
constant. This leads us to the Tequind 


result. 
(d) « ‘u’ =—50 cos 60° m s}=- 25 mei 
‘a= 10 ms4,t=?,S=70m 


Using S=ul+ 3 al?, we get 
70 =— 25! + St? 

or 5t2—25t - 70 = 0 

or @-5t-14=0 

or @-7t4+2t-14=0 

or Ut-7) + 2¢-7)=0 

or (t-7Xt + 2) =0 

or t=75 [Rejecting -ve value of] 

(b) vu, =U cos (a-0); v, =u sin (a9) 
a,=-gsin O;a,=-8 cos 0 

If T is the time of flight, then 


x 1 
O=ysin(a—0).T- > g cos 0.1 


Y 


Fig, 11 
_ 2usin(a-0) 


gcost) 
OB =v cosaxT 


or 


Mi 


36. 


TON IN TWO AND THLE DiMensions 


15 
ob 
Now, cone OA % Oe oe 
ie OA = Lees e.T 
cos () 
J 
or OAsucosax 28in(a-O) 4 
& cos0 cos 0 
oas 
or er 2 sin (a= 0) cos «| ‘ 
a Fig. 13 
or ~ Fest |8in(2u-0)+ sin (oy 
oe 
or + ear Isin (2a - 0) sin 0] oF) 
Clearly, the range R(= 0A) will be maximum or ts al | 
when sin (2a~ (I) is maximum, i-e., 1. This i 
would mean 37. (d) For horizontal motion, 
2a-0-2 nw=vug or a 
Maximum range up the inclined plane, pene eee 
i aail ss 
vine = geen (1=sin 0) 
_ # (=sino) 
g (1-sin® 0) 
= ty (1- sin 0) 
& (1+ sin 0X1 - sino) 
gt 
B(l+sin0)) | 
fay r= 28D ay _ AvP sin? 
ard or gt = v{sin 0 - cos 0) 
Cen t in 0 
Rel (2 sin 0 cos 0) * or Uisntaca® 
: & fev ‘ 
Tez no ‘ mw 
Ro ¢g = 5 
gt? 2 
or tanO=“5e- or =O stan"? < . 147 x 0.732 J 
oy =—2x08 s=5.49s. 
x=ul 39. (a) If tis the total tinfe taken, then 


1 
40 =-20 sin 30't+ > «10x? 


or or 4 10 + 5¢? 
or 5t?-10¢-40=0 ~ 
. 2-9-8 = 
jtan4s*=~% or y=x or -2-8=0 
- or (7240+ 2-B8=0 
or tt 4) + 2-4) = 0 
or 
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(re 2Ke-4)=0 


2 feds [Negative time is not allowed] 
2x 20sin 30° ee28 
10 
pS! 
2 
40. (e) ; mo? = mg(3- 1) = 2mg 


e v= ig =2Je 


Emporiut 


41. 


2: Competitive Physics (Objectivgy 


Vertical component at A 
eajg sin 30" = VE. 
) The two angles of projection are cleatly 


( 
Oand (90-0). 
2u sin 
=— 
8 


Qu sin (90 - 0) 
and =, 
Bip: 
(2sinQcos@) _ 2R 
syne Bu izsin 080) IR 
EXE g 


4 


LAWS OF MOTION 


| IMPORTANT FACTS AND FORMULAE 


1. Fe ma’ 
= P. ' 
. Pap =— pa (Newton's 3rd law of motion) 


a» d-_d ad dm 
2 Fat Gl-L inion dahaatt 
4, Connected-body problem 
_mi- me 
~ my + mg 


2mymz2 


~ my +g & 
Problem of Lift 


(i) When lift is at rest or moving with 
uniform velocity, R= mg 


(ii) When the lift is moving up with 
uniform acceleration a, then 
R=mg+ma 
(iii) When the lift is moving down with 
uniform acceleration a, then 


oN 


Reng =ma 


(iv) When the lift is falling freely. R = 0. 
This is a condition of weightlessness. ” 


G. The velocity of rocket is given by 
m 
v= +, log > —gt 


Here u represents the velocity of rocket at 
time ¢, m represents the mass of rocket at 
time f, v, represents the downward 
velocity of gases relative to rocket and mg 
is the initial mass of the rocket. 

7. Impulse = change of momentum. 

8. Ifno external force acts on a system, then 
the total momentum of the system is. 
conserved. 

9. Ifthree concurrent forces acting on a body 
keep it in cquilibrium, then cach force is 
proportional to the sine of the angle 
between the other two forces. 

10. Acceleration of a body shdiny down a 
rough inclined plane =g (sin 0 - j: cos 0). 
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[Ey selected Multiple 


ansicer from the foural 


Choorr the correct 
ing questions 


Inthearrangement 
Qarvinfles! jo etINgS HV 


chown it Fug), Pand 
wing downward 


8 


form speed U, pulleysA and Bare 
Mass M moves upward with 2 speed 


(b) Ueos & 
{e) Less 0 (d) U cos @. 
A bullet of mass 5 gis fired ata velocity of 
<7! froma nific of mass 2.5 kg, What 
recoil velocity of the rifle? 
(b) 180m s* 
(21S mst 
A bullet of mass m and velocity Vis fired 
into a block of mass m and sticks to it. The 
final velectty of the system equals 

v 


cos 0 


m 


|. (b) iV 
meV men 

wetty * a Bet 

aa v 


. A mass m with velocity u strikes a wall 


normally and returns with the same 
speed. What is the change in momentum 
‘of the body when it returns ? 

(b) nw 

(d) zero. 


(a)- miu 


(c)-2mu 


. When a ball of mass = 5 kg hits a bat with 


a velocity = 3 m 7}, in positive direction 
and it moves back witha velocity of 4 ms”, 


Find the impulse in SI units. 


(a)5 (6) 15 
(c) 25 (d)35. 


6. 


10. 


lL 


12. 


petutive Phystes (Obpecti ve) 


Choice Questions 


es given in cach of the follow. 


fernaliv 
Momentum is closely related to 
(a) Force (b) Impulse 
(e) Velocity (d) Kinetic Energy. 


A cabin is falling freely under gravity, 
What is the time period of a pendulum 
attached to its coiling ? 

(a) zero (b)= 

(iss (d)2s. 

A mass is hanging on a spring balance 
which iskeptin alift. Thcliftascends. The! 
spring balance will show in its reading 
(a) increase (b) decrease 


(c) no change 

(d) change depending upon velocity. 

The momentum is most closely related to 
(a) Acceleration (b) Impulse 

(c) Power (d) KE. 

The spring balance inside a lift suspends 
an objects. AS the lift begins to accelerate 
up, the reading indicated by the spring 
balance will 

(a) remain unchanged (b) increase 

(c) decrease 

(d) depend on the speed of ascend. 

A spacecraft of mass M moving with 
velocity V suddenly breaks into two 
pieces. After the explosion, mass ‘m’ 
becomes stationary. What is the velocity 
of the other:part of the craft ? 


M+m MV 

(a) Gm 
av 

()V an 


The coefficient of friction between two 
surfaces is 0.2. The angle of friction is 


(a) sin“ (0.2) (b) cos" (0.2) 
(c) tan“ (0.1) (d) cot” (5). 


1% pian 


uw 4 


16. 


17 


plot’ The inclination of the plane is 
rally increaned Itis found that when 
gto ination In 3 in G6, the block just 
the 1” ta alide down the plane, The 
penne at of friction between the block 


coef plane is 
and the P 


(b) 0.6 

08 ({d) 0.75, 

( of weight W is held against a 
«alwall by applying a horizontal force 

WHEN. The surface of the wall is rough, 

ol 


w (6) 75 = W 
(d) 7152, - 


chine gun fires n bullets per second, 
of mass m. If the speed of each bullet 
hen the force of recoil is 

(b) mav 


Amo 
each 
isu,t 
(a) m8 

mnve (yam 

Gravel is dropped on to a conveyor belt 
atthe rate of 0.5 kg s“!. The extra force in 
newton required to keep the belt moving 
at2ms” is 

a)! ‘ (b)2 

(4 (5 


“(e)10. 


The engine of a car produces an 
acceleration of 6 m sin the car. If this 
car pulls another car of the same mass, 
‘then the acceleration would be 
@)12m s? 

(2)1.6 ms? 


(a)6ms7 ‘ 
(3m s 


. Ashell of mass m moving with velocity v 


suddenly explodes into two pieces. One 


21, 


y of mass 4 kg rests on an i 


Dart of mags 

1. — . 

Velocity of th 4 "mains stationary, The 
fay other part will be 

(b) 

(ey » ial 

4 aye 

A body of mass Lkg 

lorcen, each of magni 

angle of 607 


is acted upon by two 
ngnitude 1 N, making an 
with each other. The net 


Acceleration of the body is 
faimy? 
(Smet 
Oe et ‘ z 7 
mst 


— ed of masses m, and my are 
ais, ad by a light, inextensible string 
ia peste over a frictionless pulley. If 

Pulley is moving upward with uniform 
acceleration 8, then the tension in the 
String is 


Amy 
= cd ro) rd i 
fe) 7 mmm 
mrm meme 
An inclined 
plane makes an 
angle @ with the 
horizontal. A 
groove cut in the 4 
plane makes an Lk 
angle a with OX. om é x 
The acceleration E 
of a body which Rie 
is free to slide down the groove under the 
influence of gravity is 
{ag 
(d)g sind 
(c)g sin 0 cosa 
(dg sinOsina 
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tu] Questions f 


p 


A block of mass 1 ki 


Indicate the correct choi 
g is at rest on a 
horizontal table, The cveficient of static 
friction between the block and the table i 
0.5. Ifg = 1Oms" then the inageitude of 
the force acting upwardsatan angle ai 
from the horizontal that will juststart ce 
block moving is 
(a) SN (b) 5.36 N 

(co) T4.8N (a) 10N. 

Starting from rest, a body slides down a 
45° inclined plane in twice the time it 
takes to slide down the same distance 1n 
the absence of friction. The coefficient of 
friction between the body and the inclined 


plane is 
(c}033 (b) 0.75 
(2) 0.25 (d) 0.80. 


|. Aheavy uniform chain lieson a horizontal 


table top. If the coefficient of friction 
between the chain and the table is 0.25, 
then the maximum percentage of the 


length of the chain that can hang aver one 


edge of the table is 
(a) 20% 
(c) 35% 


(6) 25% 
{d) 15%. 


1 


|. An iron chain lies on a rough horizontal 


table. It starts sliding when one-fourth of 
its length hangs over the edge of the table. 
The coefficient of static friction between 
the chain and the surface of the table is 

i 


(o)> 


tad 3 


1 1 
(es ae. 
Fig. 3 shows a system of three masses 
being pulled with a force F. The masses 
are connected to each other by strings. 


Emporium: VO" 


or Self Assessment 


ce among the followin 


options (a), (b), (c) and (a), 
The horizontal surface is Frictionless. ny, 
tension Ty in the first string is 1g Noy 
acceleration of the system is t 
2 

m 


1 
@s 


4 
3 (d)—. 
On m 


. A 40 N force pulls a system of three 
masses ona horizontal frictionless surfagg 
as shown in <ig. 4. Tension Ty is 


Fig. 4 
(8) 20N 
(d)5N. 


(a)40N 
(c)10N 


For the arrangement shown in the Fig. 5 


the tension in the string is [Given ; tan-! 
(0.8) = 39°]. 


Fig. 5 
(0)6.4N 
(d) zero. 


(a)6N 
()0.4N 


. Fig. Gshows a block of mass m, resting on 


asmooth surface. It is connected to a mass 


Fig. 6 


tity ¢ 


awe oh MOTION 
nzannensncoeramaeining : 
wir orike having cae ic. ate nonng 2 ced on A to Prevent it from 
2, 7 
ogi Matt 20a at fats Mwah age 


10. 


Ml. 


The acceleration of the system shown in 


Fig. 7 
35 15 
7758 (i758 
45 » ws 
(#26 5. 


17.5 
A block slides down an inclined plane of 


slope angle © with constant velocity. It is 
then projected up the same plane with an 
initial specd up. How far up the incline will 
it move before coming to rest ? 
2 

iy dy sind 

(a) Jesin0 (b) ug? 
: ir a 

(c)gsin 0 ae. 
Two masses A and B of 10 kg and 5 kg 


respectively, are connected with a string 
passing over a frictionless pulley fixed at 
the corner of a table as shown in Fig. 8. 
The coefficient of friction of A with the 
table is 0.2. The minimum mass of C that 


_ 
——=s— 
—_—$$$=<$=—=—=—=| 


Fig. 8 


14. 


15. 


epee @ horizontal table. A cubical block 
pees m Tests on the 60°30" side. The 
to ths fe which M must have relative 

2 table to keep m stationary relative 


ttt triangular block assuming 
Tictionless contact is 


(alg £ 
(6) 12 


oe we. 


Fig. 9 shows the thrust-time graph of a 
rocket. If the mass of the rocket is 1 ton, 
then the velocity of the rocket after 1 
minute, starting from rest, is 


Thrust (in N) 
— 
2000 


0 10 20 30 40 so 6 


— 
Time (in second) 
Fig. 9 
(a) 18 ms (0) 180 ms" 
(e) 1800 ms"! {d) None of these. 


Three solids of masses my, m2 and mg are 
connected with weightless strings in 
succession and are placed on a frictionless 
table. If the mass m is dragged with a 
force T, the tension in the string between 
mz and mj is 
a * 
my +m m3 


)—___—__T 
my + my + my 


my+m, m3+my 


( 
te) E 
my, + mz +m my +m +m 


The block A in Fig. 10 weighs 100 N. The 
coefficient of static friction between the 


block and the table is 0.25. The weight of 
5 om 
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n 


ts] 


the block B is maximum for the system to 
be in equilibrium. The value of Ty is 


Fig. 10 
(0) 25N 
(d) 100.25 N. 


(a)0.25N 
(ce) 100 N 


* 16. The pulleys and the strings shown in Fig. 


11 are smooth and of negligible mass. For 
the system to remain in equilibrium, the 
angle 0 should be 


(a) 0° 


(ce) 45° (d) 60°. 


17, Refer to the system shown in Fig. 12. The 


ratio of tensions T; and Tis 


18. A bird of weight 5 N sits at the mid-point 


of a clothesline. The line is so distorted 


- 


Emporium: Competitive Physics (Objecy, 
My 


19. 


20. 


+21 


“@147ms* 


Fig. 13 
that it makes 30° angles with th 


horizontal at each end as shown in Fj 
The tension in the clothesline is 
(a)5N (b’ 5 cos 30°N 
{c)Ssin 30° N (d) 5.98 N. 

A4d0 kg slab rests on a frictionless floor, 
10 kg block rests on top of the slab, 
static coefficient of friction between the 
block and the slab is 0.60 while the kingtg 
coefficient of friction is 0.40. The 10 
block is acted upon by a horizontal forcect 
100 N. If g = 9.8 ms, the resulting 
acceleration of the slab will be 


Fig. 14 
(b) 1.69 m s* 
(d)0.98ms% . 


(c)9.8 ms 
A rocket is fired upward from the earth's} 
surface such that it creates an acceleration] 
of 19.6 ms™. If after 5 5, its engine is 
switched off, the maximum height of the 
rocket from earth's surface would be 

(a) 245 m (b) 490 m 

(ce) 950 m (d) 735 m. 


Two blocks of masses 1 kg and 2 kg rest! 
ona smooth horizontal table. When the! 
2 kg block is pulled by a certain force F, 
the tension T in the string is 1.5 N. The 


‘value of F is 


4 


1kg 2kg re 


Fig. 15 


t 
8.13, 


Ce 
——, 83 


ae. 


23. 


24. 


sate (by 
(ag (d)4.5.N, 

three particles A, B and C of equal Mass, 
aie with equal speed uv along the 
medians of an cquilateral triangle as 
shown in the Fig 16. They collide at the 
centroid G of the triangle, After collision 
‘A comes to rest and B retraces its path 
with speed v. What is the speed of C after 
collision ? 


ne 


Fig. 16 

v 
(a)0 (5 
tow (d) 20. 
A block of mass V3 kg rests on a horizontal 
frictionless XY plane. What would be the 
acceleration of the block if it is subjected 
to two forces as shown in Fig, 17? 


¥. 
10N 


5N 


Fig. 17 
(a) 2.5 ms“ along Y-axis 
(b) 5 ms“ along Y-axis 
(c) 10 ms“ along X-axis 


+ (dj 15 ms” along Y-axis. 


Two masses 3 kg and 5 kg are suspended 
from the ends of an  unstretchable 
massless cord passing over a frictionless 
pulley. When the masses are released, the 
pressure on the pulley is 

(a)2 kgf (0) 7.5 kgf 

(8 kgf (d) 15 kgf. 


25. 


26. 


27, 


———_____* 

A 

whats of Mass m on a rough horizontal 

a 's acted upon by two forces as 
hown in Fig, 18. For equilibrium of block, 


the coefficient of fricti 
andes Of friction between block 


(a) F, +P sin0 = cos 0+ Fy 
mg + Fzcos 0 mg -F2sin0 
.) Fy + Freoso (q esino= Fe 
mg +F sin 0 mg -F3c030 


Refer to the system shown in Fig. 19. 
Assume that the inclined plane is smooth. 
Which of the following is correct ? 


Fig. 19 


(a) 1 kg body maves downward with 
acceleration g. 

(b) 2 kg body moves down the inclined plane 
with acceleration g sin 30”. 

(e) The system is at rest. 

(d) All of the above. 

Avertical board having a rough surface is 

accelerated horizontally with acceleration 

a such that a5 kg block pressing against 

it does not fall. If pt be the coefficient of 

friction between the block and the board, 

then which of the following is the correct 

condition so that the block does not fall ? 

(ans& wz 


(c)pee (d)wse. ‘i 
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28. 


30. 


Ablock ofteight W is suspended from the 
mid-point of a rope whose ends are at the 
same horizontal level. The force required 
to straichten the rope is 

(a) W (b) 2W 

oX (a) infinitely lange 
Ablock of massm, kgis resting ona rough 
Sorizontal plane, coefficient of kinetic 
friction between block and surf wf 


Fig. 20 
my, is connected to another mass iz with 
the help of string and pulley as shown in 
the diagram, then the common 
acceleration when released from rest will 


wf bas bd lr wf as 

my 4 my m 
An objcct of mass 5 kg is acted upon by a 
force that varies with the position of the 
object as shown in Fig. 21. If the object 
starts out from rest at the point x = 0, then 
its speed atx = 25 m is 


Force (ni) 
=_ 
A 


t) 25 50 
Poston ree 
Fig. 21 
(a) Sms (6) 10 mat 
(c)20ms* (d) 26 ms", 


Emporium: Competitive Physics (Objective) 


3. 


32. 


33. 


34, 


35. 


Two blocks of 
mneses 3m 
and 2m are 
in contact on 
a smooth 
table. A force 
P is first applied horizontally on block of 
<3 mand then on mass 2 m. The 
tact forecs between the two blocks in 


mn 


con ‘ ‘ 
the two cases are in the ratio 
tal (6) 2:3 
(3:2 (d)5:3, 


‘A lineman of mass 50 kg is holding a 
vertical pole., The coefficient of friction 
between his hands and the pole is 0.5, If 
heis tu climb the pole, the minimum force 


with which he should press the pole with » 


his hands is [Take g = 10 ms 

(a) 500 N (6) 250 N 

(ce) 750 N (d) 1000 N. 

A rope of length Lis pulled by a constant 
force F. What is the tension in the rope at 
a distance x from the end where the force 
is applied ? 


(a) FL 0) Fa a) 
x 

(e) He (ay FE 
ax L-z 


The ratio of the weight of a man in a 
stationary lift and in a lift accelerating 
downwards witha uniform acceleration‘a’ 
is 3: 2. The acceleration of the lift is 

(a) g/3 (b)gl2 

(We (d) 2. 

In the arrangement shown in Fig. 23, if 
the surface is smooth, the acceleration of 


* the block mg will be 


Fig. 23 


fp MOTION 


85 
m8 (0) 22K 


30. 


37. 


38. 


(0) tin +m. ta 
ee my +m 
oe (d) 27 
m+ 4my am 
In the Fig. 24, a 
smooth pulley of 
negligible weight 
is suspended by a 
spring balance. 
Weights of 1 kg 
and 5 kg are 
attached to the 
opposite ends of a ‘ti 
string passing 
over the pulley Skg 
and move with ; 
acceleration Fig. 24 


because of gravity. During their motion, 
the spring balance reads a weight of 

(a) 6 kg (6) less than 6 kg 

(c) more than 6 kg 

(d) may be more or less than 6 kg. 


Three blocks of tasses my, mg and mg are 
connected by massless strings as shown 
on a frictionless table in Fig. 25. They 
are pulled with a force Ty = 40 N. Ifmy= 
10 kg, m2= 6 kg and m3 =4 kg, the tension 
T, will be 


Fig. 25 ~ 

(a) 20N (b)40N 
(c) 10N (d)32N. 
A block A slides down a smooth inclined 
plane when released from the top in time 
t. Another block falls freely from the same 
point and strikes the ground in time ¢/2. 
The value of angle 0 is 


Fig. 26 


39, 


40. 


41. 


42, 


43; 


(a) 15° 

(ey 45" 

Refer ty the 
system shown in 
Fig. 27, The 
acceleration ofthe 
Masses is 


(ay& 
a5 
(H)& 
OF 


& 
(ce) 9 


£ 
5° 


Fig. 27 


A block of wood is kept on the floor of a 
stationary elevator. The elevator begins to 
descend with an acceleration of 12 ms 
Ifg = 10 ms~, then the displaccinent of 
the block during the first 0.2 second after 
the start is 

(a) 0.02 m (6)0.1m 

(c)0.2m (d)0.4 m. 

‘Two weights w; and wz are connected by 
a light thread which passes over a light 
smooth pulley. If the pulley is raised 
upwards with an acceleration equal tog, 
then the tension in the thread will be 


Qwyw; 

(ay ww 
wt Wy y+ Ww? 
Aww. iv ww. 

()—? (qy—t 2. 
w+ wy w)- Ww 


A body of mass 10 kg is being acted upon by 
a force 3 t and an opposing constant force 
of 32 newton. The initial speed is 10 ms“. 
The velocity of body after 5 second is 

{a) 14.5 mst + (6)6.5 mst 

(c)3.5 ms"! (d)4.5 ms". 
Ahammer of mass Mstrikes a nail of mass 
m with velocity ofu m s™! and drives it ‘a’ 
‘metre into fixed block of wood. The 
average resistance of the wood to the 
penctration of the nail is 


Mv Mm ot 
(t+ m "2a OT me Ba 
Mem v? Mm? 
(“2a (Vite 2a" 
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45. 


46. 


47. 


and facing each other 


d wife st 
Husband any stretched between 


ullon a light repe 


and pl ‘ : 

stain How far each has moved when they 

meet? 

Given: Husband's weight = 60 kg wt. 

Wife's weight = 40 kg wt. 
=5m. 


Initial separation 
husband moves 2m 


(a) Wife moves tin while 

(b) Wife moves 21 while husband moves 3m 

te) Both move 2.5 m lowa rds cach other 

{d) Wife does not move while the husband 
moves 5m. 

Fig. 25 shows ¥ 

The tension in the string X15 


and yare the Wwo strings. 


Beam 


“ 
Vertical 
oan > S00 hg wt 
Fig. 2S 
(a) zero (8) 500 cos 45° ky wt. 


£c)500 sin AS" ky wt. (1) 500 ky we 

A jet of water with a cross sectional area 
‘a’ is striking against a wall at an angle 0 
tothe horizontal and rebounds clastically. 
If the velocity of water jet is vu and the 
density is p, the normal force acting an the 
wall is 

(a) Qav® pcos 0 
{o) av pcos (1 


(b) av pcos 0 
(dae cos U. 


sts of three identical 
compartments x, )' amd 2. It is pulled by a 
constant force F from the side z 
horizontally. Assume friction to be absent. 
s the tension in the string connecting 
x and y. T, is the tension in the string 


A toy train co 


, connecting y and z. Then ™ = 


qT 
(ay h2 (b)2:1 
(ets (ais, 


pporinm: GONE CCH 


48. A body placed on t rfuce of g 5 
inclined plane reaches the bottom i th, 
plane in time f When it is identi 
placed on & rough inclined pla, ly 
reaches the bottom in timo nt Where ps it 
In both the cases, the angle of inclinay 
0 is same. The coefficient of friction im 

is 


equal to 
. H ; 
wosinal 1-7 | enol 1-2 


(c) tan 0 ac 
il 2 


(d) tan 0, 


49, A block rests on a rough harizonta} 


surface, p is the coefficient of frictio, 
between the block and the surface. A fo, 
mg pulls the block. This force acts at 
angle 0 with the vertical side of the cube 
The mass of the block is m. The block an 


be pulled along the surface if cot $ 


(a> Wap 


eeu « g : 


50. A horizontal furce F is ‘applied on a block 
ofmass i placed ona rough inclined plang 
of inclination 0. The normal reaction N jy 


(a) my cos 0 (b) mg sin 0 
(c) my cos 0- F cus 0) (cl) mg cos + F sin 0, 


F 


Fig. 29 


51. Awcight W hangs froma rope that is tied 
to two other ropes that are fastened to the 


Laws OF MOTION 


52, 


53. 


54. 


8. 30, The upper 


ropes make angles 0 and 9 with te 
the 


horizontal. Now, the val 
are 


(a) Wing. | _Waino 
sin (0 + 9) ‘sin (+9) 


y Wsing Wein 
cos (0+ 9) ' cos (0 +9) 


(eee Weos 
sin (0 +9) sin (0 +9) 


Wd Weos¢ _Weosi) 
tan (0 +9)" tan (01+ 9)” 
The respective acce- 


lerations of A and B in 
Fig. 31 are 


(a) & downwards and 
& upwards 

(b) < downwards and , ry 
é upwards a 

(c) a downwards and 


& upwards - 


(d) g downwards and 4 dewnwards, 


The arms of a-false balance are equal but 
the weights ofscale pans are not equal. An 
object weighs w, when placed in one pan 
and ww» when placed in the other pan. Then 
the truc weight of the object is 


wy +g 
aq) (boy 


2 
Bs at 
wy tw! 
h) Y— - 


() Vo? +w? 


A false balance is such that the beam , 


remains horizontal when the pans are 

empty. An object weighs Wy, when placed 

in one panand tw, when placed in the other 

pan. The true weight w of the objcet is 

wy, + Wy 
2 


(c) Veo? +w2? 


(b) Noy 


ny? + 102? 
ayo 


(a) 


lues of Ty and 7, - 


. 
55. The aeration of 


Fig. abc the 500 g bluck in 


100g , 


500 9 || 


Fig. 92 


(0% downwards tb) 16 downwards 


& 
(c) #8 downwards ae upwards. 


56. A horizontal force F is applied to a 
frictionless pulley of mass mm. The, 
horizontal surface is smooth. The 
acceleration of the block of mass my is n 
times the acceleration of the pulley. The! 


value of n is | 
| 
| 


| 
5 
Fig. 33 | 
(a) 1 (D2 
(13 a. 


57. In Q. 56, the acceleration of the block is 


(a) ——— ee 
mg + Ani mz + Amy 


(c) mae mh td) 


58. A4kybluck is placed ona rough Noor, The 
coefficient of static friction is 0.8. Ifa force 
of 19 N is applied on the bluck parallel to 
the Moor, then the furceof friction between 
the block and fluor is 
(a)32N (Ly 18N 

(CV 19N 1079.8 N. 

59," As shown in the Fig. 34, six steel balls o! 

identical size are lined upalonga straight 


Tony em 
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60. 


62, 


Jess). Two similar balls 
the groove 
treme left 


groove (friction! ‘ 
moving with speed v along : 
collide with this row on the ex 
hand end. Then 


le QAO 


Fig. 34 
{a) one ball from the right end will move on 
cath speed 2e, all the remaining balls will 
be at rest 
(b) two balls 
inove on with speed uv cal 
remaining balls will be at rest 
(c) all the balls will start moving to the right 
with speed v/8 each 
(d) all the six balls originally at rest will move 
on with speed v/6 each and the two incident 
balls will come to rest. 
A ball of mass 400 g is dropped from a 
height of 5 m. A boy on the ground hits the 
ball vertically upwards with a bat with an 
average force of 100 newton so that it 
attains a vertical height of 20 m. The time 
for which the ball remains in contact with 
the bat is y = 10 ms™4 
(a) 0,128 (b) 0.08 s 
(c) 0.04 s (d) 12s. 
A uniform rope is moving with constant 
acceleration on a smooth horizontal 
surface. The ratio of the tension in the 
rope at its mid-point to the applied force 
is 


from the extreme right end will 
ch and the 


fa) 1:2 (b)2:1 
(1:1 (2) 1:0, 
Fig. 35 shows a block 


of mass M resting on 

a horizontal surface. 

The- acceleration 

with which a boy of 

mass should climb 

the rope (neglect m 
mass) so as to lift the 

block should be 

Greater than 


Fig. 35 
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M 
(iy & 
M 
( x ie 


M 
ff + ie 
63. A block of mass m, starting from resi frm 
the top of a smooth inclined plane of 
inclination 0, reaches Aat time ¢; and B 
at time f2. The change in momentum in 


the time interval (tg -¢1) is 
m, 


mg 
yr: 


Fig. 36 
(a) zero (b) mV 2h sin 0 
(c) mV cos 0 (d) 2m Pgh sin 2 


A pendulum is hanging from the ceiling of 
a cage. Ifthe cage moves up with constant 
accelerationa, its tension is T). Ifit moves 
down with the same acceleration a then 
the tension is T;. If the cage moves 
horizontally with the samc accelcrationa, 
then the tension is T. Now, 2T? = 

(a) Ty? + T2? (6) T,?- 7,2 

(c) 27,7 + Ty? (d) T,? - 27,7. 

In Fig. 37, the blocks A, B and C of mass 
m cach have accelerations ay, az and ag 
respectively. Fy and F2 are external forces 


uy 


Fig. 37 


Laws OF MOTION 


66. 


of magnitudes 2my a % 
wha # and mg respectively, 
(a) a, a7 %43 

(c) ay = 43,42> 4) 


(hay >a)>0, 
(d)a,>a,,a, =a, 


‘A man of mass m has fallen 

width d. Two of his friends ape re 
pulling him outusinga light rope a tue 
fixed pulleys as shown in Fig. 38. fod 
the friends exert forces of * a 
magnitude .F. When the man Peel 
depth A, the value of F is va 


89 
Im 
in 
| 
Fig. 38 
(ay FE Nd? «4h? (br Amg 
fc) dmg (d) infinite, 
—— 
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' —————— 
sy pfanations ea 
a Answers/EXP a gy, tl) Receteratin along the line of maximum 
slope 
: tons egsinl 
i aice Questtons ; 
| Selected Multiple Ch joe Ww Component of this acceleration along AO 
= oa or Tbe = sin 0 cos (907 ~ a) 
L Ww efsinOsina 
' y » Wey 
" 
0 w . 
or 15> " 
Fig. 39 ‘put p is generatly p Questions for Self Assessment 
“al - : han 1 
on nm gms". less t 
v- Ses SS =18 . tb) fan 
2. (dV = yg. 1000 15> W oat ! ee Weight of hanging length = force of limiting 
Voree ov: 'B a friction 
3 (byes oande NOE sm cf ntum of one bullet ismu, t M M 
e-mu- mome . . M y 
4. (e) Change in momento = MEARE 15. eee p F con bor Lise (L-De 
ae allete— 
5. (d) Impulse = -§x4-8*3 2-20-15 Time for * hangeot : ortr ba ere or We p= pL 
- , : =ti ‘change of momentui 
==35 SI units. . force = time rate o 8 im : os tg 04 
es “7,7 : m9 l Ten 125° 
mv, ‘ , 
6. (pe : ‘na ie Fig. 43 Maximum percentage of the length of the 
<0, T=28 7 Feu—=- en it seer 1 
7. (bye = 0.7 Ni 16. (2) fe Bos eu R+Fsin60°=mg or Remg-23E chain that can hang vertically = — « 100 =20 
a i ,R> mg. or =2x0. tie : 2 say 2 5 
& (a) When lif is accclerating up, R> ms: r F=1N F cos 60° =/=uR % 4. (b) Weight of hanging portion = 4 mg 
9. (8) Impulse = Change of momentum ; sag : F a 
10, (8) Apparent weight = m{g +a) 17. (c) Foree applied by en nem oe or $ 05] 1x10 | Weight of chain on table = 4 me 
5 i tum, When two cars are pulled, 
11, (6) Applying conservation as ig eae Gen oe: ee Normal reaction, R = omg 
MV=(M-mV" oor Vega or Qma=6m or a=3ms~ Maximum possible force of friction, 
r 18. (d) oan grinds ofmomentum, or ‘i 
12. (@) tan 0=0.2=3 46 H fina = BaR = 3 He ME 
-1 mu=™x0+ am ZV or V=— 
or cott}=5 or M=cot (5) =4 | 2. (6) Equating /ms with weight of hanging portion, 
7 7 
13, (d) sina=2, , 19, (6) -F ae Ss Ay mg=4mg or 123 
5 = 
Clearly, base of the -0 5. (6) Tpten 
uriangleis4 units ; a= Sms” or 2p) egsino T,-T= Sma 
inte 4 20. (a) When fist system accclerates upwards, == — | fo J glsin 0 pcos t) F-T,=ma 
" Fig. 40 the effective value of acceleration due to }.* 1 Adding (1) and (rt), - a 
: *  gravily is given by ao | or Pl at T,=8ma i, = 
: gaeta=gte=% ‘ [Note that sin 45° = cos 45°1 But T,=16N [sm | 
14, (a) [zw 2m4)(m2) I-. 6 R : 16 = $n - 
Now T =———_— : z —Wes sl-s="= ee sae T 
its 's er (2g) or Vu 4 or 4 1 74 0.75 1s. 3 aH am, jy? 
, . a=—--. 
= ux752W one nt 3. (a) Let Lbethe total length of the chain. Let . pom ; 
‘ e . . my+mg Ube the maximum length that can hang a eed 
: vertically. Let M be the mass of the chain. : 
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, treated ni: 
! ? 10, (a) Clearly, 0 an be 4 angle d 
MNS X cams? repose. je tan 
ib) Oe Gea he 20K 
‘A _ 
“— at i 
Fig 45 
40-T, 2102 
=(40-N)N=20N 
or Ty = (40 ies a 
id) Ifa represents: angle of repose, 
tana 08 or a= tan (0.8) = 39° fat gatie : 
The given angle of inclination 1s ieee : eat 
So, the 1 kg block has no 1 
the angle of repose Sol ees 
tendency to move. [Note that mg sin 0 is and Ten Bs ‘5 


» 


exactly balanced by the force of friction. So, 


T=0) 
@ 
Also, mag-T= m0 


Tema 


al 


or my- mya =m 
or) mag=(my + mga 
mg 
or Ona ; 
Aliter. Weight mg is 
the accelerating force. 
Total mass to be ac- 
celerated = my + m2 mg 
:. acceleration Fig. 46 
Peet 4 
* my +m 

(d) Refer to the free-body diagrams. 

T=10g sin 30°= 10a or T-5g = 100 
Again, 7.5¢-T=7.5a 


i s = 258 28 
Adding, 2.5g=17.5a or a= 1577 


7} 


109 sin-30° 


Fig. 47 


ll. 


12, 


Now, 0? - up? =- 2g sin @ + Wg cos 0) § 


ug? 
or S= 
Wits w+ | 
2 ug? 
or S2=—2 — or 8= 75 


ie * 4g sin0 


wv +1 
(a) Since the given system is in 
equilibrium therefore tension T 
in the string is 5g. : 
When we consider the com- 
bination of A and C, then 


T=uR 
or T=0.2[10 + mass of Clg 
or 5g=0.2(10 + mass of Clg 
or mass of C = 15 kg 
(c)_ ma cos 30° = mg sin 30° 


5g 
Fig. 49 


or 


AWS 


4. 


15. 


16. 


17. 


or mMaTIOont 


= Area between thrust - time araph 


and time axis 


= 4160 + 90} 4000 eg ma 

21.8% 10" kgm! 
Also, change in momentum s 19, 
Equating, 10° = 1.8 x 10% 
of v= 1.8%10? my! = 180 my 


(c) Common acceleration, a = T 
—__ 
m+ +m 


Fig. 51 
T-T'=m3a or T'2T-my 
= T'=T-m;—_T__ 
m+m2+m3 
ro Mitme 
a 
m+ m2 +m 
(6) Ty = 0.25 x 100N 
ai T1=25N 


or 


mg mg 
(c) 2mg cos O'= V2 mg 


one 
cos O= Tp. 
or 0=45° 


uly 


ol 


S 


Yang 


Fig. 52 


(a) T2-Ty=mga 
Ti=mya 


Dividing, 


21 


23, 


24. 


. (dy 


. (d) 


er: | 


t 
13. (b) Change in momentum = impulse a 


1A, 


(a) Horizontal components 


Teon trea? (each equal to 


Por vertical equilibrium, & = 2T sin 30° aT 
Ine 968 4 100 980 


=5RBN 


Sinen the a 
n® applied force is greater tha) 
therelore the block will be in motion, & es 
should consider f, _ 
Nh=04010/98N or fy=4%98N 
This would Gluse acceleration of 40 kg block. 


Acceleration = 4498 _ 9 og st 


40 kg 
M244 195 0545m225m 


o1=19.6x5ms7! 


19.6 «5 «19.65 
= 198% 5* 19.645 
ha 2x98 ™ 


= 25 19.6 m= 490m 
Total height, A = hy + hy 
= (245 + 490) m = 735 m_ 


Note. In this problem of rocket propulsion, 
Gravitational field is assumed to be uniform. 


(d) T=1xa or 1520 


Again 


Fe(1+22kgx15ms*=45N 


(c) In order to conserve momentum, C 
should move with speed u in a direction 
Opposite to that of B. 


(8) Horizontal component of 10 Nis 10 cos 60° 
1 . 

be. 10x53 Nor5N. Itis balanced by 5 N force 

along x-axis. 

Y-component of 10 N force is 10 sin 60°, 

‘ wo z 

be 10x-5N or 5V3N 

ON, 2 

= Yakg Ooms 


_2x3x5) 15 
="g45 MER 


Pressure on the pulley 


(b) 


kef 


= 2s 2x FB keh 75 ke 
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TY an Important 

Result ae 
pulley 

moan the 


sinng DS met 

pulley ‘ 

——————— 
yo Fy cus f=pR 


25. (a) Rene 
fe lme + F200 


Preceury ont 


ma 


"also, f= Fy + Fesin 


Equating, p [mg + F2 cos a= 
F,+F a 


pail acd bt 
ng + Fz cos 0 


F,+Fosin® 


or Be 


body along 
& 


26. (c) Component of » eight of 2k 
the inclined plane = 3 
Weight of 1 kg body = 18 =8 
Clearly, there can be no motion. 

27, (b) Inorder that the block may not fall, 

fzmeg 
pRemg 


or ymazmg or wee, 
a 


|—_——>a 


{ 
v 
mg 


—> A 


a> 


Fig. 56 


28. (d) 2 sind-=W or T=5—— 


2sin0 


29. 


30. 


a1. 


32, 


nporiun 


ty sin TIN N 
T a 
T 


F > 
T ae i Tcos 
Ww 
Ww 
Fig. 67 


For the atralers rapes 0=0°,sind=g 


ys ens ores is required. 


Clear! 
(d) nig - T= moa 
T-pmyg = mia 
Adding, gna — juny) = (my + my) 
_ mg my 
a i > my + ing 
JON, 2 
(b) a= Ske =2ms 
Now, v2-07=2x2x 25 = 100 
or p= 10ms 


(b) If f; is the contact force in the first case, 
then 
he (2m\acceleration) 
com Poa 
oe” ora 
iff is the contact force in the second case, 


then 


= (3m)acceleration) 
ann _3P 
samx = 
ie a, ; 
Required rat is ee or 2:3 


_ Note that the total acceleration of the sys- 
tem is the same as the acccieration of mass 
2m or mass dnt. 


(d) f=me 
wR = my i 
uF = mg 
me «< > 
F A 
‘mg 
Fig. 58 . 


1: Competitive Physics (Obj - 
a) 


ws oF MoUTION 


(6) If M be the mass of the rope, then 


33. 
neceleration = 44 
— 
4 
a 
Fig. 59 
toto. Fl-n 
L M 7 
m, 
ee mennet or 2g =3¢-2a 
or g=30 or anf 
36. (a) mog = 27 = mya 
or 27 = myg -a) P 
Again, T = m4(2a) 
or 2T =4mya aa 
y T 


2a 
=> 
m9 Lm fer 


Fig. 60 
Equating (i) and (ii), 
mg - mya =4myja or (4m, + m2ko = mg 


mg 


or =—= 
4m, +m 


36, (6) Spring balance reading in terms of kef 


_ Amma ~4x5x1_10 
“mtm 6 3 
This is less than 6 kgf. 
37. (d) Common acceleration, 
240 2. -2 
To+eea™® =?2ms 
T, 
ne 40N 
61 


Nom, 40-T2442 
of 1, =(40-8)N=32N 


or sino=d or 0=30° 


39. 


Adding (i) and (iui), 
-12 +7, +4g =6a 
Adding this to (ii), we get 


= =f 
g 9a or a= 


Tt AT, 


Joy vt, 


v 
9 


Fig. 64 
40. (c) Displacement of iN 
=} x 12x 0.2x0.2 m=0.24m 
aaa of block 


x 2x 0.2x 0.2m = 0.04 m 


3 
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Required displacement 


2 (ag4-ogaym = 02m 


| EX pasplacements of tant block 


are apposite 


omym 
(2) 
a.) Tape 


aed 
LEE (24) 
bal ThA “had 
le 
. 6 
Rewer 9, 
- oe aed 
T dae 
* cers) 
2 0) Fe3?-2 
mee agtt-32 or mdu=(312-32)dt 
* 5 
f | (3c? - 32) dt 
10 ° 
5 
roe—10)« |? -30| 
0 
or 10v-100= 125-160 
or 10y = 100-35 = 65 


or v=65ms" 


: ne __Me 
43, (d) (M+m)V=Mu or V3tem 


Using v? - u? = 2AS, we get 


gt 
(M+m)? 
2,2 
or Ave 
(M +m)? 2a 


=(M+m) 7 
(M+ m)*2a 
M2 mM? 2 


: “(M¢m)2a M+m mm 
44. (a) Let F be the force experienced by euch. 


acceleration of husband = ms"? 


Emporia 


( _ 2 
acceleration of wifo= 45 ms 


5 2 
We know that Seule dat 


both are at rest, 


Initially. - 
S= zat 


& uz0 - 
Inthe given problem, ¢ is constant 
oe S«a . 

+, Distances moved by husband and wif, 
‘eill be in the ratio of their respective ac, 
cclerations. 


FF oe 4:6 of 2:3. 
0 or 


Le, 


Aliter. Force exerted on each other is same, 
But acceleration of each is different, 


ne 


Acceleratio Hiacs 
Also, Distance « Acceleration 


. 1 
Distance « Mass 


Mass ratio is 60:40 or 3:2 
Distance ratio is 2:3 

45, (d) T,sin 45° = 500 
or Ty= 500V2 kg wi 


T, sin 45° 


T, cos 45° 


‘500 kg wt. 
Fig. 65 
Again, T, = T, cos 45° 
1 
or T= 5002 x > ket 
or T, = 500 kef 


M4? 
_ 46. (a) Volume of water/s = a 


Mass of water/s = aup 

Momentum of water/s = au’p 

Initial horizontal component =a vp cos 0 
Final vertical component = = av’p cos 8 

| Change in momentum’s | = 2av"p cos 0 


TT, =ma 
, (a) a a) 
at T-T,*ma " Fano 
t 0 
re ee 
F 
Fig. 66 
Adding, T; = 2ma wnlit) 
T: 
Dividing (1) by (ti), na Fig. 68 
as 51. (e) WT, sin 8+Tz sing 
ts % T oof, 
48. (¢) gsind FF tae nea: 
Q—<—=— 
gsin0-pgcos 0 , 
gsin 0- pg cos0 
gsind 
or 4=1-peoto . 
a Fig. 69 
1 
=1-5 = a 
or peotO=1-- or p=tand But T cos =, cos ® or ee, 
49. (a) R+mgcos0=mg 2 Ty cos 0 
of “Rememgcoe * W=Ty sin 0 + = sing 
or R=mg(1—cos 0) or Weos 9=T,sin@ cos @+T; cosOsing 
mg cos@ joa or T,lsin 0 cos 9 + cas 0 sin ¢] =W cos ¢ 
R , or Tysin(0+9)=Wcos9 
W cos ¢ 
or T1=——— 
mg sin0 1 sin (0 +9), 
a 3 Weos 8 
Similarly, Ta* sare) 
As 52 (a) 9 4g-T=20 
Fig. 67 or 4g-2T=4a wll) 
For pulling the block, mg sin 0 > pR Again, aT-g=5 
or mgsinO>pmg(l-cos 0) 1 
or sin’0 > (1 —cos 0) v u 
in 2 cos 2 int 
or 2sin Gems g >a 1+ 2sin 3] , 
oo 0 [ars] > [rss] 2 
or > > 7 
cos 5 > HSIN D or colo >H 
50. (d) As is clear from Fig. 68 : : *2 
R=mg cos 0+F sin0 2g 5 
Fig.70 (a) Fig. 70 (b) 
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4 4 
Adding (i) and (i 
Itis downwards. 
Accclerationof 1g blockis 3 x2E ie. § It 
S)4 Sew 
is upwards. 
: Fig. 72 (c) 
Dividing (ii) by (iii), 

ES Note that the acceleration of ii : 

block B is half of acceleration of block 77 = or w =W yw oF You, 

: 55. (c) 500g —T = 500a 


T — 100g sin 30° - T’ = 100a 


53. (a) Let S, and S, be the weights of left pun 


and right pan respectively. When the object or T-T -50g = 100a 
isin lef pan, Again, - 50g = 50a 
, Gye wd = (Sp + uy From (ii) and (iii), 
or Sys we Spey wi) — 100g = 1500 ' i 
-When the object is in the right pan, sate fe) 
(Sy + WM = (S2 + wW s 
or ar wil) ! . 
’ we 
Syew Sow Sve, Fig, 73 (a) ° Fig. 73 (6) Fig. 73 (c) 
= Fig. 71 (a) Fig. 71 (b) Adding (i) and (iv), . 
(i) - Gi) gives 400; 
B: . 400g = 650a = 100g _ &. 
S wewgew)—w or 2w=wy+uy 8 or 9= "659 ~ 13 
oe mite This acceleration is downwards. 
— 56. (b)-57. (b). Length of string, L = 2y—x 
54. (6) Sih = Sala ei) Differentiating twice, 
Re ais he ae dy ds 
eis Sula ad awn (i) a? dt Dor 2az=a) 
he T 
>—_< 
- 
> TT 
om k— 
"Ret | ie nw) aS ‘ 
Agr ty (Sy + way = (Sp + wy ; 
wy = wl, (iii) [Using (i) Fig. 74 


4) represents the acceleration of the block, 
2 represents the acceleration of the pulloy. 


aws OF MOTION 


9 


DT 


So, the acceleration of the block is (wo times 
the accclerution of the pulley, 


Again, F-2T= maz 


a 
or F-2(mya1) = m2) > 


mya 
or =F =2may +> : 


or 2F=a\l4m,+myl or a) = 


4my +m 


58. (c) fms = Hse = 0.8x4x9.8N=31.36N 
Applied force, F<fns 


So, the force of friction is equal to the 
applied force i.e. 19 N. 


USP ym unis type of questions, the 
step [ should always be to calculate 
Img If the applivd force is less thar fas. 
then the force of friction is equal to the 
applied force. 


9. (6) 
(a) 2my = mv) OK 
Not OK 
(b) 2mv = 2mv OK 
1 2) mp? "i 
2 (2m)u* = 2 (2m)v OK 


(c) 2mu = &m [ 2 } =mv — NotOK 


(d) 2mv = (Gm) 7 Not OK 


1S Author's line of argument in 
the above solution 


First check on the basts of conservation 
of momentum and then conserve energy. 


60. (a) v,=\Ox10x5 ms'=10ms™ 


py = mu, = 0.4 ky x 10ms 
-1 


or p,=akgms 
Ilis directed dov 
w= 2x 10x 2 


pp= 04 kg x 20 ms™ et 


1ogkgms 


61. 


Itis directed vertically upwards. 
Now, impulse = change of momentum 
-1007 af =-8-4 


Note that both force and velocity 
are directed upward. . 


(Giving negat.ve sign to the vertically up- 
ward dircetion.| 


Now, = 
bh Hz 520.125 . 


ES A common mistake. Avoid it. 


| Change of momentum | 
=8-dadhkgms 


(a) Fema 
m 
F-T= 3? 
a 
ls > 
m 
Fig. 75 (a) 


1 B= 


13 


Fig. 75 (b) 


tole 


T 
this question ts massless, then F AL 


(b) Refer to the free body diagram ofthe boy : 


T-mg =ma 


or Temg+me 
or Teme +a) 
The condition for liting block of mass M is 


T> Me or omy tur Me 


M 
or ma>(M-re ot ao aoe 


| 
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AT qyemg—a) of T= Meaait 
i : Again, TeosO=ma and Tain = mg 
A Squaring and adding, 5 
a| m . T= mg” +a") : . 
2 2 2 2 
Now, 1124 T27= lig +a)" + © a) 
v9 or Ty T= tmgt +o Work, ENERGY AND POWER 
™ z 4 
2 2_ 2 
Fig. 76 (a) Fig. 76 (6) or TY +T, = 27 ; 
63. (d) Suppose the block reaches A with 5 (5) aps omg 22g . | ORTANT FACTS = ) 


> velocity v. Resolving momentum mu at A 
into horizontal and vertical components, we 
get mu cos 0 and mv sin 0. 


1. Work done by constant force, 6. When two bodics of equal masses suffer~ 
w=F.8 one-dimensional clastic collision, the 
bodies interchange their velocities. 


7. When a_ massive body — suffers 


zg. Work done by variable force, 


Clearly, a) > a3 > @2 m) eee 2 : d i 
Poet) we 66. (a) 2F cos 0= mi wr w=JF.a. one-dimensional elastic collision with a 
< f —_— as - os o light body, there is practically no change 
e 7 ae 3. Formula for kinetic energy : in the velocity of the massive body but the 
. 2cosO me 14 light body begins to move with a velocity 
Lo Ymosn we ia Md whichis double the velocity of the massive 
a oe . 
. 4. Gravitational potential energy, ~ body. 
Fig. 77 (a) Fig. 77 (6) E, =mgh. 8. Co-efficient ofrestitution is the ratioof the 
AtB, momentum mv is along horizontal. tial a en : relative speed of separation and the 
Ap, = mv- mucos 0 h 5. Potential energy of a spring, relative specd of approach. 
2 
Sp, = 0-mvsin 0 B, = 3k 9, E=me?. 


Ap = Vimu(1 - cos 0)]? + |- mu sin 0|? , i : , 


or ap=mv V1+ cos? 0 2cos 0 +sin?0 Fe Fig. 79 


or t= moa) -(1-25i0t5} or F2—"i_ 
2 


20 2 
=2mu sin 7 vane ‘ 
tee ‘sd pu saien oe NOPE - 
bp = 2nOgh sin 2 4h 
64. (a) T= 2, Nats an? 
- (a) Ty=m(g+a) or Ty? =m +a) . 
Tsn0 oT 
ye 0 Teoso* 
ving i 
Fig. 78 . A 
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1a> 
lected Multiple Choice Questions 
1. | Selecte f Iternatives giver in cach of the follow, 
m the foura 
Choose the correel answer [ro 
ing questions: rr 8. Ancutron moving with velocity v collides 
1. Astationary bombexplodes into WO TAFT with a stationary i The velocity 
of masses 3 x ate explosion is 2400 4. ofthe neutron after the collision is : 
the two parts ‘slaiaals aw 
ae KE. of the sinaller part 1s a) wy 
ta) 6003 (618004 ; a 
(es 100d (d) 21605 wo a). 
i ” 

2 Ina erfectly clastic collision length 2 m'is'lef at 
a neah momentum and K Kare conserved 9, A pendulum 0 a a ae A. 
talon ad When it reaches B, it loses 10% of its total 
{b) only momentum 1s oS iene due to nir resistance. The velocity 
{c) ual KE. is conserve BY 

at Bis 
(d) nether K-E. nor monientum ts conserved, 

3. The kinetic eneryy K of a particle moving A 
along a circle of radius Kt depends on the 
distance cuvered s as K = as’. The force 
acting on the particle is . 

(a) Za‘ (by aast ee sno! B 
(ehastl «URE (d) None of these. Fig, 1 

4. Anelectric motor while lillinga given load (0) Gris"! (b) ms? 
produces 1 tensivn wf 4500 Nan the a tel2ms"! (8 me’ 
altached 1p: the:fpadsi the et eee fi 10. If momentum decreases by 20%, kinetic 
the cable at the rate of 2s, then its siidlassonse: 

power must be energy wil decrease © 
(a) 9 AW (b) 15 kW (a) 40% (b) 36% 
(c) 225 kW (4) 9009 HLT. (c) 18% (d) 8%, 

5. If momentum of ceparticle, neutron, * 11. [fan a-particle collides head-on with the 
proton, and electron are the same, the nucleus, what is the impact parameter ? 
minimum I.E, is that of (a) 0 ibys 
(a) u-particle in se ‘aire tah 10” rm, 
panes Oe eee 12. Power can be expressed as : 

6. Given mass = 2000 ky, Force due to Sa : 
friction = 400 N, Gradient of the plane; 1 (a) Feo (b) > Fu? 
in 10; velocity = 15 mvs, 4 = 10 nvs?, find 
out net Power in kW (c) Fat (d) None of these. 

(0 (b) 12 13, A particle of massm, moving with velocity 
(c) 24 (d) 36. v collides with a mass my) at rest. Then 

7. What is’. ds? they get embedded. At the instant of 
(a) Torque (U) Impulse collision, velocity of the system 
(e) Momentuin (d) Work. (a) increases (b) decreases 


(c) remains constant (d) becomes zero. 


work. 


14 


15. 


16. 


17. 


18. 


19, 


20, 


ENEROY AND POWER 


A neutron moving with velocity v suffers 
elnstic collision with o Stationary 
deuterium atom. Its kinetic energy 
chunges by a factor of 


15 1 
(6 or 


© 2 (d) None of these, 

A particle of mass m, moving with veloci ty 
v strikes with a mass mz at rest, then the 
condition for maximum transfer of K.E. is 
(a) m, >> my (b) my>>m, 

(c) my =m (d) my = 2m. 

The coefficient of friction between the 
tyres and the road is jt. A car is moving 
with momentum p. What will be the 
stopping distance duc to friction alone ? 
The mass of the car is in 


2 2 
pile pat 
OF (0) Inve 
2 2 
oF aM, 
an? yg 2mg 


A force of (3x? + 2.) N nets on system 
displacing it from x = 1 mtox =3 m. What 
is the work donc? 

(a) 20 (b) 29.) 

(c) S40 (d)A2 Jd. 

A ball of mass m moving with velacity v 
strikes the bob of a pendulum rt rest. The 
mass of the bob is also m. If the collision 


is perfectly inelastic, the height to which 
the two will rise is given by 
vy? cet 
(a) ro (b) 45 
ve vw 
(c) 9 (d) ri 
When ao proton, and  anti-proton 


annihilate, the energy released is 

(a) 3x 10-5 (b)3x 105 

() 3x 10% J (d)3x 107 J, 

In a nuclear reactor, the fuel is consumed 
at the rate of 1 mg’s™, The power 
Sencrated in kilowatt is 

(a) 9x 108 (b)9x 10" 

(c) 9x 108 (d) 9x 10% 


103 


21. y 
A bed of mass m moving with velocity v 
makes a head on elastic collision with 
another body of mass 2m whichis initially 


at rest. The loss of kinetic en 
‘ 7 ergy of the 
colliding body (mass m) 1s 


(a) 172 of ts initial kinetue energy 


(0) 1/9 of its initial kinetic energy 
(c) BY of its initial anetic energy 
(d) U4 of its initial kanetuc energy 
The power developed by a 50 kg boy when 
moving with a velocity of 2 ms‘ upwards 


ina direction making an angle of 60? with 
the vertical is 


(a) 950 W (b)450 W 
(c) 4903 W (d) 245 W. 
A bullet fired into a target loses half its 
velocity after penetrating 25 em. How 


much further will it penctrate before 
coming to rest? 


22. 


23, 


(a) \25 cm (b) 25 em 
(€)B8.3em (d) 75 em. 


24. A body of mass m, moving with uniform 
velocity of 40 ms“! collides with another 
body of mass m; at rest and then the two 
together begin to move with uniform 
velocity of 30 m s“'. The ratio of their 
masses = is 
(a) 0.75, (b) 1.33 
(c)3.0 (d) 4.0. 

25, A block of mass 10 kg slides down a rough 

slope which 1s inclined at 45° to the 

horizontal. The coefficient of sliding 
friction is 0.30. When the block has slid 

5 m, the work done on the block by the 

force of friction is nearly 

(a) 1153 (b)- 75825 

(c) 321.4d (d)-321.4d. 

Abullet when fired ata target with a velocity 

of 100 m sl penetrates one metre into it. 

Ifthe bullet is fired with the same velocity 

ato similar target with a thickness 0.6 

metre, then it will emerge from it with a 

velocity of 


26. 
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108 ; 


37. Abady dropped from 


aoe 
a wpm 


a) S08 
1 (ay ome! 

aheight Lmon toa 
+ of 25 em after the 


sos to a heigh are 
floor mses “Theevefficientofrestitution 


()$0me" 


first rebound. 
is 
1 
a by— 
(st ey 
1 nz 
tes tah 3° 


ona smooth table. One-third of its 
is hanging vertically down over the 


29. The momentum of a body increases by 
20%. The percentage increase in its 


kinetic energy is 
{e) 20 {b) 44 
6 (a) 88. 


30. Thelinear momentum p of a body moving 
in one. dimension varies with time 
according to the equation p = 2 + df”, 
wherec and b are positive constants. The 
net foree acting on the body is 
(c) proportional tor? (b) a constant 
(e) proportional tot 
(d) inversely proportional tot. 

31. A particle is displaced from a position 2! 
J+ k to another position 3/+ 2j- 2% under 


32. 


33. 


34. 


35. 


36. 


* (ce) 75 


the action of a force 21 Hd The work 
done by the force (in arbitrary units) ix 
(a)8 (b) 10 

(c) 12 (d) 36, 

0g moving with a veloc} 

ieee aches a pendulum bob of LY of 
10 g. The two masses stick together, The 
maximum height reached by the system 
now is (g = 10 ms") 

(a) Zero (b)5em 

(c) 2.5em (d) 1.25¢em. 

A car is moving with a speed of 100 km 
hol. Ifthe mass of the car is 950 kg, then 
its kinetic energy is 
(a) 0.367 MJ 

(c)3.67 MJ 


(b) 3.675 
(d) 367 J. 


A body is dropped from a height of 20 m 
and rebounds toa height of 10 m. The loss 
of energy is 

(a) 10% (0) 45% 

(c) 50% (d) 75%. 

50g bullet moving with a speed of 10m 
s strikes a stationary body of mass 950 
g and enters it. The percentage loss of 
kinetic energy of the bullet is 

(a) 100 (6) 95 

* (d) 60. 

A4kg ball moving with a velocity of 10 m 
sl makes a head-on elastic collision with 
another ball of mass 12 kg at rest. The 
velocity of the 12 kg ball after collision is 
(a) 4 st (0)5ms7 ; 
(6ms7 (3ms". 


1, A particle of mass M is moving in a 
horizontal circle of radius R under a 
centripetal force given by (~ 47R4), where 
A is. constant. Then 
(a) the kinetic energy of the particle is 12 
(6) the total energy of the particle is (~ 6K) 
(c) the kinetic energy of the particle is (— AR) 
(d) the potential energy of the particle is KOR. 

2, A pendulum bob has a speed of 3m 57 at 
its lowest position. The pendulum is 0.5 m 
long. The speed of the bob, when the 
length makes an angle of 60° to the 
vertical, will be (g = 10 ms7?) 

(a)3 ms? (6) V3 ms 
() V2mst (2m. 

3. In a children’s 
park, there isa 
slide which has 
a total length of 
10 m and a 
height of 8.0 m. 
A vertical 
ladder is 
provided to reach the top. A boy weighing 
200 N climbs up the ladder to the top of 
the slide and slides down to the ground. 
The average friction offered by the slide is 
three-tenth of his weight. The work done 
by the slide on the boy as he comes down 
is 
(a)Od 
(c)- 600 J 


Fig.2 


(b) + 6003 
(d) + 1600 J. 


4. A bomb of mass M at rest explodes into 


two fragments of masses m, and m3. The 
total energy released in the explosion is E. 
IfE, and Eg represent the energies carried 


by masses my and mz respectively, then * 


which of the following is correct ? 


po Questions for Self Assessment 


Indicate the correct choice among the 


following options (a), (b), (¢) and (d). 
(a) Ey 72 
a) Ey 7 4 


The PS graph ofa 
Spring is shown in 
Fig. 3. Ifthe same 
x ; 

performed = with 
half the length of 
the spring, then ts" 
the P-2 graph will 
make an angle 6 
with G-axis such 
that 

{o) 9 = 45° (b)0< 45" 


(ce) 6=0° (d)8> 45°. 

6. A glass marble dropped from a certain 
height above the horizontal surface 
reaches the surface in time ¢ and then 
continues to bounce up and down, The 
time in which the marble finally comes to 
Test is 


™ 


Fig. 3 


fa)et 


lee 
wor[ He] 


7. Ten litre of water per second is lifted from 
a well through 10 m and delivered with a 
velocity of 10 m s“'. Ifg = 10 ms™, then 
the power of the motor is 
(a) LkW (b) LS kW 
(c) 2kW (d) 25kW. 

8. In a molecule, the potential -energy 
between two atoms is given by : Utz) = 
4 - = + where c and 6 are positive 
=z = 

constants and x is the distance between 

atoms. For stable equilibrium ofatom, the 

value of x is . 


é V6 
(a) zero al é| 


“eral 
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lk 


13. 


14. 


15, 


A position dependent force F« ad d+ 
T acts ona badly of mars 7 hk and 
Aiaplaces it fromy = Om tore Sm The 
work done on the body ts v joule AF both 
F and 1 are measured in ST unite, the 
value of x" is 
(a) 138 
(33S 

A nucleus ruptures into two nuclear parts 
which have their velocity ratio equal to 
2:1. The ratio of their respective nuclear 
sizes (nuclear radii) 1s 

(a): (oy 

teyd29 Wis 

A.10 m long iron chain of linear mass 
density 0.S kg mis hanging freely from a 
rigid support. If¢ = 10 ms then the 
power required to lift the chain upto the 
point of support in 10 second is 

(a) 10 W (by 20 W 

(30 W (40 W. 

Aballis thrown froma height of A metre 
with an initial downward velocity vy. Tt 
hits the ground, loses half of its kinetic 
energy and bounces back to the same 
height. The value of ty ts 
i th) sgh F 


(sy 23s 
(d) 935 


te) 9 gh Wi 2.5Rh, 

The power of a water yet flowing through 
an orifice of radius r with velocity vis 

(a) rer0 (4) 500 n rte? 

(1 $00 x 7%? Ware, 

The velocity uf the Lob of an oscillating 
simple pendulum of length 1m is 2m 
sat the lowest position. When the bob 
is ut the extreme position, (he angle made 
by the string of the pendulum with the 
vertical is Wy = 10 ms] 

ta) cos™* (0.4) (b) cos" (0.6) 

te) cas”! 10.8) Whe. 

A ball ix dropped from a height 4 on the 
ground. If the coefficient of restitution is 
¢, thehcight to which the ball goes upafter 
it rebounds for the nth time is 


Emporium 


16. 


17. 


19. 


1 Competitive Phyaies (Objectivgy 


“ 

(a) he™ thie 
o we, 

ny e 


Aniron chain of length {and mann m {, 
don n frictionless table with 4 th 


place 
nart hanging over the edge. The work 
one in pulling the hanging chain to the 
table is ; 
mat 

(a)mgl ("5 

q t 
ay are 


The mechanical energy required to 
accelerate a body from.10 m s'to20ms"! 
compared with that required to accelerate 
from 0 to 10 ms‘! in the same interval of 
time covering same distance is 

(b) three times 

(d) five times, 


(a) two times 
(c) four times: 
‘A body of mass 5 kg collides elnstically 
with a stationary body of mass 2.5 kg, 
‘Atter the collision, the 2.5 kg body begins 
ta move with o kinetic energy of 8d. 
Assuming the collision tobe 
vne-dimensional, the kinetic energy of the 
5 kg body before collision is 

(a) 3d (b) 65 

(c) 9S (d) Wd. 

A block weighing 10 N travels down o 
smooth curved track AB joincd to a rough 
Horizontal surface (Fig. 4). The rough 
surface has a friction coefficient of 0.20 
with the block, Ifthe block starts slipping 
on the track from a point 1.0 m above the 
horizontal surface, then it would move a 
distance $ on the rough surface. The value 
of Sis = 10 ms74] 


NERGY AND POWER 


¢ 
| work f 
| 


(ym (A) Sm 


an. A uniform chain of length L and mans M 

overhangs a horizontal table with its tw 
third part on the table. The friction 
coefficient between the table and the 
chain is #. The work done by the friction 


during the period the chain slips off the 


table is 
J umet (by -2 
laa y= 5 wa, 
4 cy 
(e) = 5 WMal = Ty MiL. 


21. A pendulum bob has been pulled aside 
from its equilibrium position through an 
angled and then released. Iftis the length 
of the pendulum, then the bob will reach 
the equilibrium position with speed of 
(a) Vat 
te) VOT = cos ut) 


22, The potential energy of a certain spring 
when stretched through a distance Sis 10 
joule. The amount of work in joule that 
must be done on this spring to stretch it 
through an additional distance S will be 
(a) 30 (b)40 
(ce) 10 ()20, 

23. The ‘potential energy of a particle in a 


certain field has the farm, UsS—! where 
: por 


a and & are positive constants, r is the 
distance from the centre of the field. The 
distance of the particle in the stable 
equilibrium position is 
(a)alb (b)-ab 
(e) 2a/b (d)— 2a/b. 

24. The F-x graph ofa particle of mass 100 g 
is shown in Fig. 5. Ifthe particle begins to 


‘ 
° 4 8 12 
2 (wy mete} ——> 


Fig. 5 


26. A body of masa? ke. 


27. 


29. 


i | 


(apm (hb) 2m 107 


Move from 
12 mis 

@10ma" 
me 


Test ats, its Velocity at rs 


nd volume V is ited 
4 liquid of density a 


the body is In potential energy of 
(a) Vip ~aigh OO) Vigh 
(er Veg (d) 1670 ‘ 


sides dawn a 
curved track which 
quadrant of a 
Circle of radius Lia 
All the curfaces are 
fretiunicss HM the 
bedy starts from 
Test, its speed at 
the bottom of the track is 
(adttme’! 


Fig 6 


(b)2mat 

(H196my 
A sphere of mass 2 kg ts moving on a 
frictionless horizontal table with velocity 
vo It strikes against a spring (foree 
constant = 1 Nm“) and compresses it by 
Am, The velocity of the sphere is 

taam (W202 mat 

v2 mst 

A bullet when fired at a target has its 
velocity decreased to SO% after 
penctrating JO em into it. Then the 


additional thickness it will penctrate 
before resting is 


(05m! 


()2ms" 


(a) 10cm (6130 em 
(c) 40cm + 1d) 60cm. 
Fig. 7 shows F-x graph of a particle. The 


work done is 


—> 
fo metres 


— Finny —e 


Fig. 7 
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30. 


Si. 


32. 


33. 


"(ey Smutyaet 


(b) 10d 

(d)30J. 

Ametre scale of mass 0.1 ke pivoted Lone 
end is turned so that it is inclined at 
with the horizontal in the vertical plane. 
‘The work done is [Take g = 10 ms 1 

(a) 0.05 joule (b)0.025 joule 

(c) 0.253 (d)0.5d. 

A block of mass m is attached to two 
unstretched springs of spring constants 
4, and kz as shown in (Fig. 8). The block, 
is displaced towards right through a 
distance x and is released, The speed of 
the block as it passes through the mean 
position shown ix 


(0) 09 
(2) 20d 


Fig. 8 
ka 

a\J—x (b) res 

hy + kp Ayko 

cj « IN en 


A block of mass m moving at a speed v 
compresses a spring through a distance x 
before its speed is hnlved. The spring 
constant of the spring is 7 

(a) mux? (6) Smv7/4x? 

(d) Imus, 

Asmall body of mass m slides down from 
the top A ofa smonth hill of height H with 
initial velocity zero. The hill becomes 
horizontal at the edge B whose height is A 
from the ground. Assume that the body 
falls at maximum distance away from the 
fool ofthe hill. Then the value of A is 


Emporium: Co. 


34. 


35. 


36. 


‘31. 


38. 


petitive Physics (Objectiyey 


(oH wrt 

wit at. 
InQ. 33, the maximum range is 

(aH wt 

wi ay. 


An unloaded bus can be stopped by 
applying brakes on straight road after 
covering a distance x. Suppose the 
passengers add 50% of its weight as the 
load and the braking force remains 
unchanged. How long will the bus go after 
the application of the brakes? The velocity 
of the bus is same in both the cases. 

la)x (b) L.bx 
(c)2e (d) 2.5%, 
A frame of mass 200 g 
when suspended from na 
massless spring extends 

it by 10 cm. A lump of 

clay of mass 200 g is 
dropped from rest on to 

the frame from a height 

of 30 cm as shown in 

Fig. 10. As a result, the 

pan moves downward 
through a maximum 
distance of 

(a) 10cm (b) 20cm 
(ec) 30 em (140 em. 
Arunning man has halfthe kinetic energy 
of that of a boy of half his mass. The man 
speeds up by 1 m s7' and then has the 
same K.E. as that of boy. The original 
specds of man and boy are, in m sv! 
(a) V2 + 12-1) (YE + 1, 2NF + 
te) XB, VE (42 +1), 28 - v. 
A light spring of length / and spring 
constant & is placed vertically on a table. 
A small ball of mass m falls on it. The 
height A from the surface of the table at 
which the ball will have the maximum 
velocity is 


Fig. 10 


1D POWER 
» ENERGY AN 
work 
: 109 
l (by - 28 
we k 43, Consider the situation 
anes (d) t+ kmg. shown in Fig, 12, 
mk Initially the spring is 
49. TWO billiard balls of the same size and Unstretched when the 
mass are in contact on a billiard table, A system is released 
third ball of the same size and mass from rest. Assumin 
strikes them symmetrically and remains no friction : 
at rest after the impact. The coefficient of pulley, th ia the be 
restitution between the balls is f i Ss enesunu 
zi 3 : elongation of the k 
(a) way Spring is = 
1 1 mg 2 
1 de. (ay 28 a8 
(7 a8 k per Fig. 12 
40. Consider an oblique clastic collision (28 img 
nel ‘ballad cote 1 ay 28 
between a moving ball and a stationary k 


41. 


42, 


ball of the same miss. Both the balls move 

with the same speed after the collision. 

After the collision, the angle between the 

directions of motion of two balls is 

(a) 0° (b) 80" 

(c) 60" Wd) 907, 

A ramp is constructed in parabolic shape 

such that the height y of any point on its 

surface is given in lerms of the point's 

horizontal distance x from the bottom of 

the ramp by y = |. A block of granite 

is Lo be set on the 

ramp ; the coeffi- 

cient of static fric- 

tion is 0.80, Whatis 

the maximum x 

coordinate xM at 

which the block can 

he placed on the 

ramp anil remain at 

rest, ifL = 10 m? i 
Fig. 1 

KAM 

WA9A me 


(aos 
(oom 


A heavy si Kreator than 1 
ky moving with a speed of 2 ms! collides 
head-on with a stationary ping-pong ball 
of mass Jess than 0.1 ¢. The collision is 
clastic. After the cdllision, the ping-pong 
ball moves approximately with speed 

1 


2ms° 
(2 10'ms? 


(bytmst 
(2x 10hms?. 


= 


A sphere of mass m moving horizontally 
with velocity vg collides against 1 
pendulum bob of mass mr. If the two 
Masses stick together after the collision, 
then the maximum height attained is 
(Refer Fig. 13) 


45. A rectangular plank of mass my anid 
height a is kept on a horizontal surfs 
Another rectangular plank of mass: 
height b is placed over the first plank. The 
Fravitational potential energy uf the 
system is 


myny 
+ taidmy ma eb) tba} panne 


wl["on 


oft 


wey 
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work. 
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2 
Uy! a 
Oi ———— Answers/Explanations 


pended vertically 
Je to suffer 


ag Aware of Jength bs 
fren a ned support is mac 


7 
2 Up 
; ree % vy? 
extention {inate length by app tytn alo pe) ae p Selected Multiple Choice Questions 


ie 


F. The work done ts 


50, A body of 2 kg mans mokes an clay 


(pe Tenby 


1 ; 13. te) Ms 
wet (by FT coilision with another body at rest, nk a a 
2 4) FL velocity of the 2 ky mass is reduced 4, (yd ct 
te) Ft (a) FL. one-fourth of the original Velocity iene 


A vertical, massless and elastic spring 1s 


eee 
Clearly, (Fala > rad 24004 = 18004 


a 
(heap (he gp "9: This the fraction 


a j LA sphere However, direction remains Unchanged 
suspended from a ngid support athe What is the mass of the body struck 7 g, (c) The salient feature of perfectly clastic trancerred Sn, fraction retained is | 8, ae 
i lowly attache to the free end of the hie (er Lake collision is that collision in which kinetic 45 ee 
spring. The sphere is slow ly lowered Lo | a (lh 2kg energy is conserved 5. (e) The maximum transfer of kinetic energy 
equilibrium postion so that the spring (co) LA ky : cts. doe P takes place when the masses are equal and 
stretches through Lem Ifthespherewere 54, Qne end ofaspringufnatural length h ang 3. (a) ym" mas or mu? = 2a32, the target bedy is at rest, 
t en the maximum ing constant k is fixed at the 3 1 
allowed to fall freely, mee Lae i spring ¢ vs auiad with Ground mut Bis? 16. edumgr =e 2 opp, —P 
stretching of the spring would have been and the other is fitted with a smooth ring pee 2m mg 
vhich is allowed to slid 
(a) 2em (o)3.em of mass m whic leona re a 3 
aa om (d)5em. horizontal rod fixed ata heighth. Initially, fe Xa, phasis SN eae = akW Ves 1 (2? « 2a)de 
4& In Fig. 14, a carringe P is pulled up from the spring makes an angle of 37° with the 6. (al p « V2nPa iP same; For maximem, 
Ato B. The relevant coefficient of friction vertical when the system is released from E, is minimum, . | ar 
is 0.40. The work done will be rest. The speed of the ring when the spring 6. (c) P= (mysinO-fu 3 
n becomes verheal is ={ 2000 1075-400 Ji =27-1e(9-eHd, 
eAh Take cos 37° = = | : ‘ : 
O in [ 1.25 = 1600 x 15 W = 24000 W = 24kW Ih (a) mv=(2n)V of Vas 
7. (d) Work is the dot product of force and 1 2 
displacement. Now, (2migh = 5 (2m) VF 2 mV? 2 SE 
A c ~m-4m _ 3 2 
Fig. 14 8. (a) = am Y= rad or Ase 7 
(a) 10k (0) 23 kd 9, (a) Loss of P.E. = mgh = 2mg. Since 10%is 19 (a) E=2x 1.67 1077 63x 10% «3108S 
aes aes: lost ip olercomine air friction, 23x10 y 
49. A sphere of mass m moving horizontally (a) [x wt 4 [& * 700” Img=s mu? 107 «1073x108 
with velocity up collides against a vm is a mle ats st 3x 10° 
pendulum bob of mass m. The masses ee Te h.|k of Pats ms een eGms 28 to) Powers 000 kW 
collide elastically along the line of initial OV MING: a te o ¥ 7 
motion. The maximum height reached by 10. (6) Ee=o7 sEpap’, er } Ci =9x 10° kW 
the pendulum bob is z "i 21. (c) Fractional loss of kinetic energy of the 
#+(1-20] (1-1) -# "colliding body : 
a 100 5] 25° = Fraction of energy transferred 
1- Ee x 100 =] 1 16 
Ey =[ 1-95 |» 100-36 
11, (a) The impact parameter for head-on 22. (b) P = mg x 2x cos 60° 
im - collision is zero, oxtw=490W 
‘ = 98x 2x5 Ws 
12 (a) Power is the dot product of force and es ae 


velocity, 
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BR. te) In the fired eave 
ira) 
L aptefxS ww 
° qmere tas 
Dividing (a) by i), 
9f 
SVS oe Seems adem 
238 4 a 
24 (e) Applying conservation of momentum, 
may 40 = (may ez) 
er 40m, # 30m, ¢ 3m 
my 30 
ee Wmye Bm; of = HG 
m 
or ied 
Az 
25. (b) [= prg cos 0 
er f= 0.30 + 10x 10x cos 45° 
or 
This is negative work because fund S are 
oppositely directed. 
26. (a) $4 1004 100=/71 or f= 5000m 
Again, 4m? — 3 mv «fr 05 
or miu? ~ 0? = f= 5000m 
oe - 5000 
or vu? = 10000 - 5000 
or. v? = 5000 
or oF e256 2600 
ee v= 6012 ms} 
27. te) hem, hy= 4m 
hye e*h 
ae I 4a 
rie ec ores 2 


2f. 


29. 


30. 


31. 


g2. 


33. 


34. 


Binporiun Cnn ie) 


m 
(d) Hanging maser) 


through which the centre of 
Height thre ;; Aravity 


in ta be ralsed © 


a 1), mat 
Work done -| " bli |e! 


-1) 10 -[ -i Je 1004 
psaebl 
dye tt 2 
Fei lpls Gas be) 
or Febx2 or Fe 2bt, 
n Fee 
(a) We [ates Fl. (ar + 3 2h) 


-(2-f+ hy 
or Wa [2hes-Al. tts af-3h) 
or =W2(243+3)d=8d 
(d) Applying conservation of momentum, 
“tox 100 =(10 + 10)u 


or or v=50ems7 


Now, (2m)gh =40omy? 


2 
uv’ _ 50x 50 
or 4 = 9572x1000 7: 25em 


(a) Kinctic energy 


2 
1 q 5 
= 260 100% 35] J 


= 0.3665 x 10° J = 0.367 MJ 
ral 
(ec) A'=th 
mgh’ = 4 mgh 
So, there is 50% loss of energy. 


(6) Applying law of conservation of 


momentum, 
50 50+ 950 14 
1000 * 1° tooo” vepms 


apne AND. ROME 


anne f 


Ta at 
1, storlo-5 4) 
3" 1000.” wag Wei vy 
. 1, ©, in 019 
2” 1000 


ihe tz = 
40 


i. Questions for Self Assessment 


mu ke a_k 
1) ee or met ws 
1 
Kinetic energy = 3 mv? = * 
2R ie 


R 
Potential energy = al FdR x tye 


Lower limit is taken as = because potential 6. 
energy is assumed to be zero at infinity, 


R 
Se -Aur= 


(d) When spring is halved, the force 
constant will be doubled So, slope would 
increase = 545° 

6. (c) Time taken by bedy to fall through heght 


haa 
x a 


~3R 


: hek 
Tolal energy = 2R-K™ 
After first rebound, tume taken to rise to 


2. (d) $ mu? + mal cos 0)= 4 mu? eight'A, ad comming back 
2h 2th 
or v? + 2gK(1-cos 0) =v? =2 \> =2 V2 +28 


Time taken in rising to heighthy and coming 


or v2+2x10x05(1-1]-9 
2 back 


or v?=9-5=4 é FA 
=2 nal & 
ee eens Total time taken by the body in coming to 
3. (e) fe a mg 


rest 
= 


3 
ca ye 
W=-/S or W=-= mgs 


5] 5] Sp 
& 


3 aA } 
or W =-— x 200x 10J =-600J = [leere’+- 
10 . g 
1 ui? +t mous? ES a 
4. (a) Es smu + pave = rail aren 
my 2h 2e 
But mgug = my, or wee VE 1] 
es 2h | lee 
; 1 9.4. fm [ux [ 1ne> 2]. 4/7 ed 
oa bad mors dma 2H | "Ve [ I-e g -e 
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ia 
meh etre? 
zt) Inthiecate, Pe 


; 
. e—leh 


0 10x10 hy 
or re PL we | 
= 10/100 + 50] = 1500 W 


3500 Ly 2 1.5 kW 


* 000 
‘ dU 
& {e) For stable equilibrium of atom, 9 = 
1 y-6)x77=0 
¥ 6b 
or Ge 
x 
=12a 
_ wah 
or 3 
121 
os 6.8 
Qn WG 
or r2| % 


9. (ai This is the case of work done by a 


vanable force 


Be ‘ 
wel (3x7 2x + dx 
“oO 
={x3-s7+75] joule 
0 
or Wa15x5x5-5x5 +7x5)joule 


er W=(125- 25 + 35)joule = 135 joule 


10. (ec) Using conservation of momentum, 


or 


ML. (d)m=10*O8kg =8kg.h= 5m 


_BxIOx5 
10 


W=40W 


CF jy this type of questions, focus 


should be on centre of yravity 


Emporium: Competitive Physics (Object, 
= ) 


12. (a) Total energy atthe time OF throwing thy 


13. (c) Volume/s = au =nr°u 


14. (c) 


16. 


ball 
emgh+ ! mug? 


Energy after collision with grourd 
= L(mgh + } mug?) 
The ball again rises to height A, 
J mgh + 4 mug’) = mgh 


or =o mgh+ i wg? = 2mgh 


or 3 mug?=mgh or ug=V9gh 
2 


Mass/s = mv x 1000 SI units 
Power of water jet 


3 mv? 


dx nox 1600 xv? = 500n 22,9 


mygh = 3 me? 


or (= cos"! (0.8) 


‘ Fig. 17° 


iad re relative velocity of separation 
: "relative velocity of approach 


EE. 


or h’=e%h 


For second rebound 


. The result can begencralised form rebounds, 


(c) Mass of hanging portion = x 4 2% 
tonoa 


Height through which the centre of gravity 


of the hanging length is to be moved = a 


@ 


nn. EM 


ery AND POWER 


m 
, Wark done ar mia 


(b) Increase in K.E. in first case 
4 
2 


1. 


mx 20 Lins 16? 


1 
= 77 (400-100) = 3m» 309 
Increase in K.E. in second case 
=} m(100 ~0)= 1m x 109 


18. (e) Fraction of kinetic energy transferred 


(14x)? 


KE. of 2.5 kg after coll 
KE. of 5 kg before colli 


Clearly K.E. of 5 kg before collision 


=$xas=9J 


19. (d) KE atB=P.E.ata 
=mgh=1«10x1J=10J5 


Now, 10 =pmg 
10 10 
set," __. 
oe ume” Ys1x 10 
M 
20, (b) aW =— jt) T° Igldt 
au. 
we} 3-year 
of 
‘ 2 
-_ Mg | FS 
or We L |2 i 
or We-L [9 7? 
or We-Z MeL 


21. (c) $m? = mg(l - {cos a) 


or v* = 2gl(1—cos a) 
-or_v = Y2gl (1 - cos a) 


| 
Be eg ee 


Fei 
22. (a) 10 14s! 
2 
Now, walgiasP-s% 
or Walarcastaa<dis? 


*3*10J-30J 
For additional extension S, 
wl yas? es?) 


yt 2 
Wag nse 


or We5x 5 is? =50J 

Note that the ratio of works done 
for every additional distance S is 
1:3:5:.. 


23. (ec) For equilibrium position, a =0 


Sieh pg tire 
or og V-balr 20 
or al 2 9-B(-1=0 


or 


or 
24. (d) Work done = Area under F-x graph 
=} uzeax 100 = 60d 


Also, work done =Increass in kinetic energy 
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work: 
117 
ne Jeulute the area under Fy loaded bus, 2 my? 
29, (0) Letuseal bien Bra A (b) For the un Som = hes i 
i — with due regard for positive and MeRalivg 3b Again, 2mVerzeim is 
p NOL xe “a signs. For the loaded bus, [+E] -n8 22 
“ oF = 1600 oF ee Area = +10%1-10% 14 10x L= 10 unig, s’ : “ Were 
(a) Weight of body = VW Upthrust = Vag So, work done is 10d. pividing. S or Se15Sea15, . 
. * v 
Effective weight = a ae 30. (c) 0=60° Veta Au) 
ss = Vip =e ; . 
ee erggrinot kinetic energy sen let? Ww =m =cos 0) SH Time-saving solution ()~G) gives 1 "E73 
la vwe KC 
of gravitational potential energy, We 8 Ff bmi? =fxS Sone 
L_temgh or ve Voc W = 01x 105 (1 - cos 60%) aves 
gms J In the given problem, m«§ or 
W=0.25 
oF If m becomes an »then S becomes as or 


| ce Note that the kinetic energy gets 
transformed into elastic potential 


ES An interesting solution 
Step I. When u becomes =, E, becomes 
Ey 

7° 

Step II. In 30 em, loss of kinetic energy 


E 
otep IIT. For losing vi + required dis- 


3L. 


32. 


33, (b)-34. (a) 


USP Inthis type of questions, consider 
the height through which C.G, is” 


raised. 


1 V pte dmv? 
(c) ght gh = pm 


12 ld Pe 
(b) 2 =gme 


F ee 
or 2 


or dara 


or 


For maximum x, 


A=H-A or 2h=H or nail 


36. 


2 


we LSS. 


(c) The collision of clay with pan is inelastic. 
So, energy will not be conserved. But 
momentum will be conserved. 


Applying law of conservation of momentum, 


400V = 200V2gh or V= ah 
Kinetic enerzy of nutty and pan 


= «400 x 284 - 109gh 


= 100x 30 xg = 3000g 


Loss of gravitational potential energy 
= 400gx 


Gain of clastic potential energy 
+ gh 2008 2 _ 102 
=2 10 110 + x)*- 10°] 
Equating energies, 
* 10g(20 + xXx) = 3000g + 400gx 


300 + 40x 


or x?—30x + 10x -300=0 
or ax(x— 30) 4 10x -s0)=0 
or (x 30Xx + 10) =0 
or x=30 or -10 


Rejecting — ve value, x = 30 em 


38. 


39. 


o 3 2V2 01) 


yet Wey 
Again, vas 


(8) Let the Spring be compressed through Ar 
Net downward force = mg — kar 

Equation of mo- 

tion of ball 1s “ 

ma =mg- kx ie 

So long as c is 

positive, the ! 

veloaty of the re 

ball would go on 
increasing. 

When a = 0, the 
velocity would 
become maximum and constant. Suppose 
acceleration becomes zero when the spring 


Fig. 20 


is cumpressed through Al. 
O=mg-kM 
or kAl=mg or Ml= ve 


Height above the-table =! - Al = -" 


{a) mu =2mv cos 0 


: ; ab) myst yimy 
f ree 
tanceisGtimestess ie. Zemor 10em. Maximum value of sis 2 2 22 
ae 7] or 24 oe i or Veet or vad ti 


Fig. 21 
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40. 


Dut 0 = 30° a 
de cos BO* vd 


ou 


Using one ball for calculation, 
v-0 


or sin 0 ; 


or =O 30" 


(d) Applying conservation of momentum 
along Y-axis, we get 

mv sin 0, — mu sin 02 = 0 

or sind, =sin 0; or 0, = 02 


¥ 
mT, 
—_—_> * 
m uv "<< 
ca oO Bi 
m 


Al. 


Fig. 23 
Again, applying conservation of momentum 
along z-axis, we get 
mu = mu cos 0+ mu cos 
or u = 2y cos 0 or cos 0 = 5, 
Since collision is elastic therefore kinetic 
energy is conserved. 
Duta d mi? Amit of atau? 
or uz vv 
i 
v2u_1 
or ess = 45° 
cos 0 2 "v2 0 = 45 
So, the required angle is 2x 45° or 90° 
(a) For equilibrium at position P, 
mg sin 0 = mg cos0 
pe=tand 


= slope = 


Empor 


42, 


43. 


44. 


46. 


46. 


ium Competitive Phystes (Objective) 


Xa or xe 0.8L 


"0.8% 1omedm 
(b) It in clearly the cane of olnatic Collison 


between mannive body and natationary light 


body. 


CY When a massive body suffers 
one-dimensional elaatic collision 
with a stationary light body, the 
velocity of the massive body 
remains practically unchanged 
but the light body begins lo move 
with a velocity which is double the 
velocity of the massive body. 


(b) Equating gain of elastic energy with loss 
of gravitational potential energy, we get 


2mg 
k 


3 ne? 2 mg’ or &= 
(d) Applying conservation of momentum, 


7 
® mxug+mxO0=(2mu or vp 


2 2 
1 vo _ Yo 
Now, comgh = Lam | or hoon 


(c) Height of C:G. of mass my = 7 


Height of C.G. of mass mz =a + > 
:, Gravitational potential energy of system 


a b 
=my+ me) at 


= hem ja+m 2 
Q +72 16 BG 


-[( Sem: Jo+mat 


(a) dW = Fdl 


. t 
wef -Fl 
oo Y dl 
a We 'Yal gy F Yal 
ob or] Fey 


not AND POWER 


. 19 
! 


a. 


48. 


49. 


wet tdl or wai(f) 
or L 46 Lia 
1Yal, 1 
or Weak fag 


(a) In the firat case, mg = ki 
cond case, loss of PE, = work done 
hing the spring through I’, 
2m, 
2 ay 
(6) Work done against gravity 

= 60x 10x 30J = 15k) 


Work done against friction 


In the 8 
jn stretc 


gle Bat? or U= 


= 04x 60% 10x 4x 50d =8hs 


Total work done = 15 kJ + 8 kJ = 23 kJ 


(a) Collision is, clastic. So, the bob will 
acquire & velocity vp after the collision. 
1 2 up? 
mph => mvo or Azo 


(b) Applying conservation of momentum, 
. 6 
meemxvez{g]+mv 


: vo 
or mV= w- Fe li) 


Since collision is elastic therefore kinetic 


energy is conserved 


Relative velocity before impact = v-0=u 


Relative velocity after impact = ; -V 


welt) 


51. 


er & 
4 
Prom eqn. (11), 
2,71 a 
2 ae 
oF tet , Zim 
6°32. 
© maBelesaey 


Le ' 
a tus cross-check with the help of equation 


Clearly, equation is satisfied. 
(d) cos 37% = * or [2 —* 
! cos 377 
or le 1.254 
Extension =1-h 
= 125A -h = 0.25h 


Fig. 25 
Equating kinetic energy with potential 
energy, 


z mv = : (0.2547 


or 
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der of length J and 


7 id solid cylin 4 
ead dulus of rigidity of 


radius r. If 7 is the mo r 
the material, then the torque required to 
twist the cylinder through an angle 0 is: 
1=C0, where C is twisting cou ple per unit 
twist of the cylinder. C is also called 
torsional rigidity of the material. 


_ mrt 
Coo 


2. For a particle in non-uniform circular 
motion. 
a i ied 
a=axr+uxu 
where letters have usual meanings. 
4S. ‘ > 
3. axr is the tangential component ofa, 


ie eee 
a= aXe 


— 5 > 
4. wxo0 is the radial component of a. lis 


also known as centripetal component ofa. 
ee ie 
ag=wxu 


6. Inthe case of uniform circular motion, 
a,=Oanda,#0 
6. When dealing with a system of discrete 
particles, the co-ordinates of the centre of 
mass arc given by 
1 
Xm = N Lx; 
1 
Yom = M Imyji 


1 
Zem = 5g E Mei 


In gencral, Rn, = a Emi 


1. 


9. 


10. 


iL 


. 120 


e case of continuous distribution of 


In th s dis 
mass, the centre of mass is given by . 


1 

Xm 3 xe 

Yen f yam 
1 

lim = 2 | 2 

Reged | im 


, 
The velocity and acceleration of the centre 
of mass of a system of particles are given 


by 
Vem = 


The position vector of centre of mass of two 
particles of masses my, and mg is given by 


oo > 
Im; and dem =ypnal 


M 


> 
?. myry + Marg 
my +m © 
The position vector of the centre of mass 
of a system of n particles is given by 
4 4 
+ Mata 


=> myn, + mora t+ 
R= 
.+My 


my +myg + 
Following are the equations of rotational 
kinematics : 

(i) W = Wo + af 
(ii) 0 = uot + 4 at? 


(iii) w? - wo? = 200. 
Here, Wo is the initial angular velocity, © 
is the angular velocity after time ¢, ais the 


pra TIONAL MC 


TION 


ee 
lar acceleration and 0 is the a ut 


12. 
1 


15. 


16. 


ingular 


ang sai 
displacement isrtimet, 


Moment of inertia, [=X myr,? 


In the case of continuous distribution of 


mass, moment of inertia, I= Pdm 
The moment of inertia ofa ring ofmass M 
and radius R about an axis passing 


‘through the centre of the ring and 


perpendicular to the plane of the ring j 
MR’. About a diameter, the M.1. ar the 


ring is} MR? 

2 

The moment of inertia of a disc of mass M 
and radius R about an axis passing 
through the centre of the disc Sha 
perpendicular to the plane of the disc is 


1 2 A 
7 MR’. Abou a diameter, the moment of 
inertia of the disc is 1 MR?, 


Angular momentum ofa particle about‘an 
axis is given by 
ss 
Le=rxp 
mn i 
where rts the position vector and pis the 
lincar momentum, 


17, Torque or moment 


is given by 
7 
terx 


where?’ is th a 
applied torte ® postion vector and Fis the 


The tor. ; 
que vector in terms of 
r 
components is given by ectangular 
ad a ‘a 
Tite fieks, 
Now, syF,-2F, 
ty =zF,-xF, 
Tax F, -yF, 


of force about nn axis 


18, 


19. The rate of ch 
7 ange of angular moment 
is equal to the applied torque, cia 
Pring 
dt 
20. 


The angular momentum in terms of 
rectangular components is given by 
Doth, +fly+hl, 
Now, Ly =yp,-zp, 
Ly =2P.—30, 
L, = xp, -yp, 


| 
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2 


Bi Selected Multiple Choice Questions 


ralternatives given in cach of the follow, 


Choose the correct answer from the fou 
ing questions: . 

1. The figure below shows the angular 
velocity-time graph of a flywheel. The 
angle, in radian, through which the 
flywheel turns during 25 second, is 


string breaks off suddenly, the stone wil) 
move 

(a) tangentially to the motion 

(b) away from the centre 

(c) towards the centre 

(d) None of these. . 


7. Which of the following is equivalent to 
moment of inertia in linear motion ? 


(a) Mass (6) Angular Momentum 
(c) Force (d) None of these, 
J ——_—_ “8, Find the moment of inertial of a uniform 


4 Tuma (in second)” +20 circular disc about an axis passing 


through the centre and perpendicular to 


Fig. 1 
(a) 75 (b) 480 its plane. 
(c) 615 (d) 750. (a) MR* (6) U2 MR? 
2 2 
2. The unit of moment of inertia is (c) U5 MR (d) Bd MR’. 
(a) ke mn (b) kg m? 9. In case of uniform circular motion, 
(c) kg/m (d) kg/m. velocity and acceleration are 


(a) perpendicular (6) same direction 
(c) opposite direction 
(d) not related to each other. 

10. What should be the minimum velocity at 
the highest point of a body tied toa string, 
so that the string just docs not slack ? 


3. A particle is moving on a circular track of 
radius 30 cm with a constant speed of 6 m/s. 
Its acceleration is 
(a)0 (6) 120 ms* 
()12ms7 _(d)36 ms". 

4. A solid sphere, disc and solid cylinder all 


r d'-ude upset "same (a) VR (6) VSRg 
of same mass ani made ip o! im (c) (Rig)? (d) \ORg. 


material are allowed to roll down (from 


rest) on an inclined plane, then 11. Whatis the ratio of the moments of inertia 


of two rings of radii r and nr about an axis 
perpendicular to their plane and passing 
through their centres ? Given : Both the 
rings have the same mass. 


(a) solid sphere reaches the bottom first 
(b) solid sphere reaches the bottom late 
(c) dise will reach the bottom first 


(d) all of them reach the bottom at the same (a) 1: n? (b)1in 
time. (c)1:2n (d)n?: 1, 
» Momentofincrtia ofa body depends upon 12, Planetary system in the solar system 
(a) Axis of rotation (6) Torque describes 
(c) Angular momentum (a) conservation of kinetic energy 
(d) Angular velocity. (b) conservation of linear momentum * 


Consider a stone tied with a string and 


4 (c) conservation of angular momentum 
rotated in a circle horizontally. If the 


(d) None of these. 


ding o hie Gi ; 123 
person standing on a rotating q 
jd. M jevehes outhis hands, theangularapecy 20, Angular momentum has 
will Unite 106 unite inGisson Smt 
vey inereane (b) decrense torque applied ? + What is the 
(0 remain same (d) None of these, 2 ne (81.2 
14. Analogue of mass in rotational motion is 21. A solidey|; (d)2, 
(a) Moment of inertia (6) Angular momentum ss Friction diameter Dis mounted 
(e) Gyration (d) None of these, wrapped erodsdilt cet, ee string is 
16. The angular momentum of a system of attached tothe free end ofthe string The 
particle is conserved ae is allowed to fall freely. Which of the 
(a) when no external force acts upon the fa) E's correct? 
system ‘a)o=D (b)v =D? 
(b) when no extemal torque acts upon the o= WD 
system (2) vis independent of D. 
© ohn no external impulse acts upon the 2% hes of mass M slides down an inclined 
system Plane and reaches the bottom with 
(d) when axis of rotation remains same. tprosity ve disc of same mass rolls down 
16. One circular ring and one circular disc, weal toons ashe wu be its 
both are having the same mass and * Gis bisa a 
radius. The ratio of their moments of (aa oabah 
inertia about the axes passing through 23. Fo H fh ie)oz a 
their centres and perpendicular to their : situated eine SS o enciesc a 
isises) will be: uated at the corners of a square of side 
P _ 6. What will be the moment of inertia 
(a)1:1 (b)2:1 about any side of the square ? 
(1:2 (d)4:1. my: 4 
17. Angular momentum cla system of (els shy (bd (2a? » Sb) 
sebindee isi (2 cat +584) (d) None of ? 
(a) Force acts on a body inere 
(b) Torque acts on a body 24. A body slides without friction from a 
(c) Direction of velocity changes height H along the track shown in Fig. 2 
id) Noneof these. so that it loops the loop in the vertical _ 
is: ‘Ifa(orceicéis beara int . plane. If the radius of the circular loop is 
J F a e ; wats 0 AE 4 point away R, what should be the minimum value of 
OTE SCOT LI MASS cNeR H in terms of R so that the frictionless 
(a) Lingar acceleration changes body is just able to loop the loop? 
(b) Angular acceleration changes 
(ce) Both change 
(d) None changes. 
19, Moment of inertia does not depend upon 


(a) Angular velocity of body 
(b) Shape and size 

(c) Mass 

(d) Pofition of axis of rotation. 


Fig. 2 
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5K 
(aH =2R (b)H 7 
tOHeSR d)H=4dR 


25. 


26. 


27, 


28. 


Threeidentical cars A, Band Care moving 
at the same speed on three bridges. The 
car A goes ona plane bridge, Bona bridge 
convex upward and C goes on o bridge 
concave upward, Let Fa, Fp and Fe be the 
normal forces exerted by the cars on the 
bridges when they are at the middle of 
bridges. Then 
(a) Fg is maximum of the three force: 

(8) Fy is maximum of the three forces 
(c) Fe is maximum of the three forces 


+ (d) Fy= Fu = Fe. 


Acar moves ata constant speed on a road 
as shown in Fig. 3. The normal force by 
the road on the car is Nq and Ng when it 
is at the points A and B respectively. 


A 
aw «. 
Fig. 3 
(a) Ny = Ny (8) Na> Ng 
(c) Ny< Np 


(d) insufficient information to decide the 
relation of N, and Ng, 


A simple pendulum is vibrating with an 
angular amplitude of 90° as shown in 
Fig. 4. For what value of @ is the 
acceleration directed 


@ vertically upwards 
(ii) horizontally 
(iii) vertically downwards. 
(a) 0*,c08" J, 90° (b) cos" Fe 0°, 90" 
(©) 90%, cox"! 0" (a) cost J, 90%, 0°, 


A curved road of radius r is perfectly 
banked fora speed v. When a car of weight 


“'W goes round the curve with speed. v 


(friction neglected), then the normal 
reaction of the road is N. Then 


29. 


30. 


31. 


32. 


33. 


Fig. 4 


(a) the centripetal force is the resultan, rw 
and N ' 4 

(b) normal reaction is W 

() the centripetal force is zero 

(d) the centripetal force is W. 

Fig. 5 shows a 

rectangular wire 

ABCD. About 

which axis, the 

moment of inertia 

of the wire will be 

minimum? (Given : 

BC = 2AB) dD 6 C¢ 

({a)BC (b) BD ‘ 

(c) HF (¢) EG. 

Ifthe Earth shrinks to half of the present 

radius, without any change in mass, then 

the duration of day and night becomes 

(a) 24 hours (6) 12 hours 

(c) 6 hours (d) 3 hours, ° 

How is rotational kinetic energy of a rigid 

body related to angular momentum ? 


A E B 


Fig. 5 


2 
) 2B, () L=V2IEy 


E 
(QL=E, (Le. 


A metre stick is held vertically with one 
end onthe floor and is then allowed to fall, 
The speed of the other end whenit hits the 
floor assuming that the end at floor does 
not slip (g = 9.8 ms™2) ‘ 
(a)3.2ms" (6) 5.4ms™ 

(c)7.6 ms"! (d)9.2ms". 

Four point masses are arranged intheX-Y 
plane. The moment of inertia of this array 
of masses about Y-axis is 


(a) ma? (b) 2ma? 
(c) Ama? (d) 6a. 


34 


36. 


37. 


38. 


Fig. 6 
The root mean square distance of 5 
jdentical particles of masses, 1 geach, and 
distributed along OX is 6 cm (from 0). The 
total moment of inertia about OY is 


Y 
ie) x, 
Fig.7 
(a)90 gem? (6) 80 gem? 
(c)180 gem? (d) 36 g em?. 


Adisc rolls over a horizontal floor without 
slipping with a linear speed of 5 em s. 
The linear speed of a particle on its rim, 
with respect to the floor, when it is in its 
highest position, is 

(a) 10ems* (6) Sem" 
(25cm? (d)0. 

A mass m is moving with a constant 


velocity parallel to the x-axis. Its angular 
momentum w.r.t. the origin 


(a)remains constant (b) goes on increasing 
(c) goes on decreasing (d) is zero. - 

Three children are sitting on a see-saw in 
such a way that it balances. A 20 kg and 
a 30 kg boy are on opposite sides at a 
distance of 2 m from the pivot. If the third 
boy jumps off, thereby destroying balance, 
then theinitial angular acceleration of the 
board is : (Neglect weight of board) 

(a) 0.098 rad s“* (b) 0.98 rad s* 

(c) 9.8 rad s* (d) 98 rad s, 

A triangular plate of uniform thickness 
and density is made to rotate about an 
axis perpendicular to the plane of the 


39, 


40. 


41. 


42. 


Paper (a) pass. 
'ng through A, 


Point of AB) as 


shown. Now, mee 


(a) angula leratic 

me acceleration in both thecases isthe 
(b) angular acceleration for case (a) is larger 
(ec) angular acceleration for 


(d) there would be no an 
case (a), 


case (b)is larger 
gular acceleration for 


A thin hollow cylinder open at both ends 
Slides without rotating and then rolls 
without slipping with thesamespeed. The 


ratio of the kinetic energies ir, the two 
cases is 


(a)1:1 
(2:1 


(b)1:2 

(d) 1:4. 

Two circular discs A and B are of equal 
Masses and thicknesses but made of 
metals with densities d, and dg (d,>dg). 
If their moments of inertia about an axis 
Passing through centres and normal tothe 
circular faces be I, and Ip, then 


(a), = 15 (b) > Ty 
LRM. 


Asolid sphere rolls without slipping down 
0 30° inclined plane. Ifg = 10 ms”, then 
the acceleration of the rolling sphere is 


(dy < Ig, 


()5ms? wm 


mst mst 

O is the centre of an equilateral triangle 
ABC: Fy, Fa and Fy are the three forces 
acting along the sides AB, BC and AC 
respectively. What should be the vatye of 
F so that the total torque about Q 1s zero? 
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43. Asolid sphere of mass 1 kg rollson . 
wah linear epeod 1 ma Reatlep iat p Questions for Self Assessment 


energy is 


ONAL MOTION 


(0.53 Indicate the correct choice among the j, 3 
(ais ) 8 the following options (a), (b),(c) and (4). 
(073 (d)1.4, ‘Asmall ring P is . ens 
44, The total kineticenergy of rolling 1. threaded on a whitling in a circular path of radius L in 
then i Wi vertical plane. If the rati i 
i gmooth wire - pane. Ifthe ratio of the maximum 
9 1 1 pent in the form tenant ithe string to the minimum 
Fig. (5M v (6) Mv of a circle of iste in the string is 4 and ifg is taken 
(0) UF, + F) wr he radius a and high Sree at aa 
1 +F,) 2 wot Mo? (a) 7 Mot, centre 0, The ighest point of the circle is 
()F\-Fi, (2) Fy + Fp n wire is rotating Pp (a) 10 ms" (b) 5% ms 
with constant Y (2) 1013 m s** (d) 20 ms"! 
angular speed w Fig. 10 4. A particle moves in a circle of radius 4 em 


about a vertical 


. clock t ae 
siameter XY, while the ring remains at «wise at constant speed 2ems™). Ifx 


and y are unit acceleration vectors along 


- A : 1 
rest relative to the wire at a distance 72 x and J respectively (in em 5), the 
from XY. acceleration of the particle at the instant 
aut = 2 tbyute half way Betycen Band Qis given by 
ut = (aut = 6 P 

2. ABisan inclined plane at the foot of which L\ 
there is a semi-circular hoop BCD of lo 

A 
Fig. 12 
(a)- 4 +9) (8) 4G +) 
()-+ WD (d) Ue - yy. 


5. When the bob of a simple pendulum 
passes through the position of 
equilibrium, the string is subjected to a 

Fig. 11 tension equal to twice the weight of the 


i | gle from, 
radiusa. Ab bob. Through what maximum any 
4 ody starts from reatiat A andl the vertical ean the pendulum be 


slides without friction. What should be the deflected ? 
minimum height of A above the level of B 


(a) 30° (was 
so thnt the body may move along BCD ee aie 
without falling off? 4 : 
, 6. Aheavy particle hanging froma string of 
oy 2 length“ is projected hervontally with 
i speed Yel. The speed ufthe parteele at the 
ot (a), point where the tension in the string 
‘ ‘ equals the werght of the particle 1s 
3. A stone of mass 1 kg tied to a light (a) Va ova 
inextensible string of length L = 4¢ mis wet 
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10. 


Il. 


tring with 
inclination of the #' 
7 1nQ 6 the! 


the vertical if 5 
«ii? (b) cot"! 
(a) coe"! 5 
vl (dd cos! 2 
(deve 


crosses the topmost point of a 


y 
. pate! circle with critical speed. What 
will be its acceleration when the string is 
horizontal ? 
ws wre 
(oe (d) &e. 


8. 'A particle of mass 0.1 kg is suspended 
from the end of a weightless string of 
Jength 1 mand is allowed to swing in a 
vertical plane. The speed of the mass 1s 
2 ms! when the string makes an angle 
of 60" with the vertical. (¢ = 10 ms™). The 
tension in the string at 0 = 60° with the 
vertical is 


(2)0.1N (8)0.4N 
(06N (d)0.9N. 
A small mass of 10 g lies in a 
hemispherical bow] of radius 0.5 mata 
+—05m—> 
Pp 
Fig. 13 


height of 0.2 m from the bottom of the 
bowl. The mass will be in equilibrium if 
the bowl rotates at an angular speed of 
@ =10ms”) 


(a) 3 rads (b) 10VF rad/s 
(c) 10 rad/s (d) V20 rad/s, 


A nail is located at a certain distance 
vertically below the point of suspension of 
a simple pendulum. The pendulum is 
released from a position where the string 
makes an angle of 60° with the vertical. 
The distance of the nail from the point of 
suspension such that the bob will just 


12, 


13. 


14. 


2 
plutions with the nai « 


perform 
pent is(Given! length of pendulum 
(a) 0.2m (b) 0.4m ) 
() 0.6m (d) 0.8m, 
vire is bent into a vert) 
Asmooth wire ts cal 
of radius a. A bead P can slide sinoott 
on the wire. The / ly 
circle is rotated Ae 
about diameter ns 
axis with o speed 
w. The bead Pis at 
rest with respect 
to the circular 
ring in the 
position shown. 
Then w* is equal Fig. 14 - 
to 
(a) 2g/a (b) 2¢haN3) q 
(c) gia (d) 2a}, 
A particle originally at rest at the highest 
point of a smooth vertical circle is slightly 
displaced. It will leave the circle at 4 
vertical distance A below the highest 
point, such that 
‘ 
Fig. 15 
(hak (b)A =2R 
()A=R2 cic: 
A vehicle is moving with a velocity v ona 


curved road of width 6 and radius of 
curvature R. For counteracting the 
centrifugal force on the vehicle, the 
difference in elevations required in 
between the outer and inner edges of the 
road is 


2 2 

= vb 
ae Or 

(aR (d) bv, 


on 
yo In 
rringe han its centre of, ‘ 
Jwny co Rravity 2 each fira' the 
torque 


paral t of 1 m above the rails whi, 
16 igh roan tr wee 
ane m apart. The maximum speed with pl igs aye scart " 
are A it would go round the unbanked t 
ne of 250m radius is ahaa Aa (aq =a, 
tr ae (6) 15 me! a4 (a= 
Cae (35 m0", 20. If the angul Tmomen! : 
ee : ) ingular 
A disc-like reel with massless thread increases by 50%, ite finete ae 
16 ynrolls itself while falling vertically rotation increases by ae 
downwards. The acceleration of its fall is (a) ire (6) 12578, 
_ (ba (e) 20607 (d) 107% 
: Ge 21. Aring rolls down, starting from rest, down 
wie 5 an inclined Plane of length I and 
inclination. The velocity of the centre of 


Four spheres, each of mass m and radius 


17 r,are placed with their centres on the four 


18. 


corners of a square of side 6. The moment 
of inertia of the system about any side of 


the square is 
8 

(ar mr + mb? (b) 5 mr? + 2b? 

© 2 mr? + 4mb? (d) None of these. 

The density of a rod. continuously 

increases from A to B. It is easier to set it 

into rotation by 

(a) clamping the rod at A and applying a force 
F at B, perpendicular to the rod 

(b) clamping the rod at B and applying a force 
F at A, perpendicular to the rod 

(c) clamping the rod at mid-point of AB and 
applying a force F at A, perpendicular to 
the rod 

(d) clamping the rod at mid-point of AB and 
applying a force F at B, perpendicular to 
the rod. 

. Two identical masses ore connected toa 

horizontal thin massless rod as shewn in 
Fig. 16. When their distance from the 


<-> 
Fig. 16 
Pivot is x, a torque produces an angular 
acceleration ay. If the masses are now 
repositioned so that they are at distance 


mass of the ring at the mid- 
inclined plane is mem ofthe, 


(a) Gland toate? 
(c) V2qlsin 0 wrftatsna. 


If the density of 
material of a 
square plate and 
a circular plate 
shown in Fig. 17 
is same, the 
centre of mass of 
the composite system will be 

(a) inside the square plate 

(b) inside the circular plate 

(c) at the peint of contact 

(d) outside the system. 

A wheel is rolling straight on ground 
without slipping. If the axis of the wheel 
has speed v, the instantaneous velocity of 
a point P on the rim, defined by angle 0, 
relative to the ground will be 


ne a 
Fig. 17 


Fie 18 
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1 
(b) Qu (3 0] 
(a) U(1 + cos 0). 
angoupagentleincline 


ed when the frictional 
ar wheel is 


1 
tavcer 2°) 
(ed 41 ¢ sin 0) 
Acertain bicycle ¢: 
with constant spe 


force of ground pushing the re: 
Fy = 4N, With what force Fy must the 


chain pullon the sprocket wheel if Ry =5cm 
and R; = 30 cm? 


24. 


Fig. 19 


(a)4.N (b)24N 


(e) HON an, 

. Auniform rod of length | 
is free to rotate in a A 
vertical plane about a ‘ 
fixed horizontal axis / 
through. The rod begins 
rotating from rest from 
its unstable equilibrium 
position. When it has 
turned through an angle 
O, its angular velocity w * 
is given as 


Three identical 
rings, each of mass 
M and radius R, 
are arranged as 
shown in Fig. 21. 
Te moment of 
inertia of the 
arrangement about 
YY’is 
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27. 


29. 


30. 


Ye) 


(a) 2 MR? (8) MR? 


5 yep 7 
=MR = MR? 
(c) 2 Mi (d) = MR, 


A disc and a ring of the samo Mag, 
rolling, Their kinetic energies arent 


are 
The ratio of their velocities is “au, 
(a) 1:3 (6) 2: VT 
(c)3: V3 (d) 4:3, 


. The moment of inertia of a thin Unifo, 


rod of length L and mass M about an axi 
passing through a point at a distance a 


L - 
3 from one of its ends and Perpendicular 
to the rod is 


ML? ML? 
@)5 (0) 
ML? ML? 
O (AF. 


Two bodies of masses 4 kg and 2 kg are 
tied to the ends of a string which passes 
over a light frictionless pulley. The 
masses are initially at rest and released, 
Ifg=9 ms”, then the acceleration of the 
centre of mass is 


(a)O0ms? (6) 1ms? 
()2ms* (d)3ms?, 
Which of the following correctly 


represents the relation between log Land 
log Ex? 


bog 
Jog E, 
ot > 
@ (0) 
VA “ 
ot —> I 
(ey ( 


Fie 99 


step o ; 


F 


PAn 20em 


Fig. 23 
Ifthe mass of the wheel is 2 kg, then the 
minimum horizontal force, applied 
perpendicular to the axle, required to 
make the wheel climb the step is 
(a) 19.6 x V3 N (0) 19.6N 
(c) zero (d) 20N, 

33. A circular disc of radius R has uniform 
thickness. A 
circular hole of 
diameter cqual 
to the radius of 
the disc has been 
cut out from the 
disc as shown in 
(Fig. 24). The 
centre of gravity 
of the remaining portion of the disc lies on 
the diameter of the disc at a distance x to 
the left of the centre of the original disc. 
The value of x is 


(a)R we 
R R 
wh ae. 


34. A rigid spherical body is spinning around 
an axis without any external torque. Due 
to change in temperature, the volume 


L MOTION 
io 
- fa wheel rolli ~ 
«contre 0 a w ec! rolling on a plane 
‘i: ye moves with a speed up. A particle appeict by 1%. The angular speed wil 
2 the rim of the wheel at the same leve} es email, 
: the centre will be moving at speed (a) increase by 1% (6) decrease by 1%, 
as (c) decrease by 0.67: 
ee (b) ug ‘67% (d) decrease by 0.209, 
(o)# nes 35. Which of the follow) ae 
(c) 2 v0 deed raphicaly the relatos toy frees 
ae of radius 40 cm rests against a . iz the relation betweenlog K and 
32 {height 20 cm as shown in Fig, 23 OP peaire K and I represent the radius 
" of gyration and moment of inertia 


respectively ? 


bg 
‘oK—> K—> 
ta CS) 
| i 
bog kK —> ‘oyK—> 
) c) 
Fig. 25 
36. Five masses are placed in a plane as 


37. 


shown in (Fig. 26). The coordinates of the 
centre of mass are nearest to 


0 x 
o 1 2 
Fig. 26 
(a) 1.2, 1.4 (6) 1.3, 1.1 
(1.113 (d? 1.0, 1.0. 


Fig. 27 showsasmall wheel fixed coaxially 
ona bigger one of double the radius. The 
system rotates about the common axis. 
‘The strings supporting A and B donot slip 
on the wheels. Ifx and y be the distances 
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Yeti) 
2 > 
travelled by Aand Bin t 
time 
the same t 
interval, then ey « 
(a) = 2 ry 
; — => 

(byrey te c) 
(year . 
{d) None of these. Fig. 29 

Fig. 27 41. Two uniform thin 

identical —_rods, 


39. 


40. 


Three particles, cach of mass m, are 
placed at the corners of an cquilateral 
triangle of sided. The moment of incrtia of 
the system about an axis coinciding with 
one side of the triangle is 
2 3 

(ad ml? (uy mlt 
(ce) mi? (d) ami”, 


From a complete ring of mass M and 


“radius R, a 30° 


sector is 0° 
removed. The 
moment of 
inertia of the 


incomplete ring 
about an axis 
passing through 
the centre of the Fig. 28 


ring and perpendicular to the plane of the 
ring is 


spe LU yay 
(a) WD MR (b) 12 MK 

U3 gga . 
(c) 12 MR (dl) MIC, 


If L and Ey, represent the angular 
momentum and the rotational kinctic 
energy respectively ofa body, then which 
of the following correctly represents the 
relation between Land YEy, ? 


(bo) 


each of mass M 
and length L are 
joined so as to 
form a cross as 
shown in(Fig. 30). 
The moment of 
inertia of the 
system about the bisector line AB is 


ML? 
we 


Fig. 30 


2ML? 
a=. 


42, 


sists of a small mass m at 
the end of a string of length l. The 
pendulum is pulled aside to an angle 0 
with the vertical and released. At the 
instant of release, using the suspension 
point as axis, what is the torque on the 


pendulum ? 
(a) mg (b) mal 
(c) mgl cos 0 (d) mal sin 0. 


43, Three thin uniform rods, cach of mass m 
and length /, lic along the x,y,z axes with 
onc end of cach at the origin. The moment 
of inertia about thez-axis forthe three-rod 


system is 
2 
(a) 3 matt (od met 
lose , 
felt (d) mi}, 


44, A car tyre of radius & metre is rolling 


without slipping ona level road with speed 
vu. When it ta puint A on the road, a 
small stone stuck in its tread separates 


iN 
onal: momlo 
‘N 


tits highest point and 

n the road. Then, AB = 
(6) 2u 

(a)! (d) 4v, 

cubical block of side L rests on a rough 


. u } surface with coefficient of 
46 horizontal A horizontal force F is applied 


om ite 
pintBo 


friction Ho as shown in (Fig. 31). If the 
on ffieient of friction is sufficiently high so 
rat the blons —— 
dc 
0s not 8} 
fofore toppling, P 
he mii i 
required tv H 

topple the block meet 
10} 
is 

: mg 
{o)infinitesinal (b) 4 

(d) mat - p, 


() mh 


moment of inertia of a uniform 

46. The eireular wire of mass M and radius 
R about a line perpendicular to the plane 
ofthe wireand passing through the centre 


1s 2 
ay Mie (b) MK 
wo 4 MR? (ch) AMI, 


47. A person supports a book between finger 
and thumb = as 
shown in (Fig. 32). —— 
(the point of grip is 
assumed to be at 
the corner of the , 
book). If the book 
has a weight of W, 
then the person is 


producing a Lorque, 
on the honk, of 


+— b> 
Fig. $2 


(al W 5 anticlockwine (dy WY anticlockwise 


(c) Wa anticlockwise (el) Wu clockwise. 


48 Astring of negligible thicknes wrapped 
Several times around a cylinder keptona 
rough horizontal surface. A man standing 


hand of the inan 

+ the 
cylinder reaches 
his hands is 


(a) Fie. 


49, 


Co-ordinates of the 
side are shown 
co-ordinates of the 
system are 


ay. 


Centre of mass of each 
in (Pig. 34). The 


50. The rectangular 
blocks A, B, C 
and D are piled B 
one above the Ic 
other in such a jo 
way that cach ait 
block projects a Fig. 36 
little beyond the block below it. If the 
length of cach block is J, then the 
maximum possible projection for A is 


t 
(a); tb), 


ant + 
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1M ot 
veloc iga, ol dius and m. 
f 85. The angular velgcity of a body ia Ge of wheel of rad 058 Mm atands | 5 
51. InQ.50, the maximum possible projection + 4h. A torque wh of + 3h nets on ‘taf 60. i of a step of height A, dein The 
: J . i it The front ; The least Pulley is both 
for Bis ; rotational poweris (consider ST Unite only) horizontal force which sheuld be applied MAKilesy rf 
an 
wt wt (a) 10W (b) 20W tothe axle of the Wheel to allow it tornise Irictionless The 
: ! (30 W (d) 40 W, on ta the step is acceleration of the 
(ee (alg 6. Calculate the force F that is 9 h(ar-h Centre of mays j 
s jection horizontally atthe axloofthewhest ned (oS (b)mahtr — 1) many 
52. InQ.50, the maximum possible projection horizontally atthe § cel Which r (a) =a 
for Cis is necessary to raise the wheel Over the va(ar=h (Qn mem," 
: s ; obstacle of height 4 m. Radius of whee] (c) r-A lone of these, ) Zuma 
wat wy 3 canes mass = 10 kg. F is (Take, gu. Three identical spheres, each of radius R im omgi® 
al we are placed aa each other on ; ty t=ma? 
6 > izontal table. : ¢) 
horizontal moma F 
53. Three point masses my, mz and my are Z where is the ‘re Fie 41 
located at the centre of mass of (a) Sina? 
vertices of an x 04m the system imi omy? 
equilateral triangle located ? (Assume LV \ 64. The Co-ordinates of the centre of mass ofa 
of side a. The 4 NY 109 that . sed System of three particles of masses 1 wy.2 
moment of inertia Fig. 38 distribution is ; fe and 3 He are (2, 2, 2). Where should a 
othe ae oe (a) 100 N (0) 66 N uniform in cach Fig. 40 a Particle of mass 4 mg be positioned 
lies apaiehay aera (e)167N id) 133.3N, sphere) SO that the centre of mass of the four 
altitude of the . (a) ALA (b) ALB Particle system is at the origin of the 
triangle passing Fig. 36 57. A boy pushes a aac three-dimensional rectangular 
through my is merry-go-round of (d) At the point of intersection of the medians ‘orrdinate system ? 
we bakes wae radius 3 m witha of the triangle. (a) AUC) (b) At(2, 2,2) 
a 2) 1 
s 2 3 force: 60. N: can ~ g2. In the HCl molecule, the separation (At (3,3, 3) (d) AU(-3,-3,-3). 
(ec) (m, + mya’ (d) (m, + m, + m3sa". shown in (Fig. 39). > between the nuclei ofthe twoatomsis 1.27 85 A square of side 4 i 
54. Given = A U-shaped uniform wire of sides If cos 20° = 09, 2 A. What isthe approximate location of the Pre unitary 
Y,landl.Thex then the torque centre of mass of the molecule ? (Given : ae setae ‘I 
: i - i , equal 
and : yt applied by the boy giao chlorine atom is nearly 35.5 times as squares. If aan of ec 
co-ordinates of is 1B massive as a hydrogen atom and nearly them is cut off 
the centre of (a) 135 Nm (6) 140 Nm all the mass of an atom is concentrated in (OECF), then the 
mass of cach alec : (c)40N m (d)ON m. its nucleus.) Position of the t - 4 
eee ‘ 58. The torque of force (3f + 2/°+ 3) newton tq) 355% 1.27 4 (p) 365X127 » ra ? mass of Fig. 42 
ig. at), acting at a point is : (Given: position vector 36.5 35.5 i cgemaee 
~ and y see A, ig portion from O is 
- 7 . of point is [22-37 + 4h} metre) ( 36.5 x 35.5 A (d) 1.27 ra 1 2 
bg ni p ° 3 % wef (w) 138 1.27 1565x058 fal pemy (o)pem 
the centre ao 7 
cidade Wie sre Fig. 37 (-170 (d)—170 + G+ 13k. 63. Two bodies of masses my and mz (<m,)are (co) * cm (d) gon 
rGapectively 59. A.0.6 m long stick is held vertically with connected to the ends of a massless card a 
ia one end on the Moor. It is allowed to fall and allowed to move as shown in (Fig. 41). (e-em. 
«({-4) (Ld such that theendonthe floor doesnot slip. 
Ifg = 10 ms”, then what is the speed of 
«( ut } cal ft }: the other end when it hits the floor ? 
(a) V2 ms! (6) 22 ma! 
(c)3V2 ms" (d) 442 ms", 
———— 
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——— Answers 


| Selected Multiple Choice Questio: 


1.30 
1 o=t x4 xd +90%16 + 5 Bx5xs 


=60 +480 + 75 = 615 5 rad. 
(6) The SI unit of moment of inertia is kg m’. 


2 
2 Gx6x100_ -2_ 
3. (a= Teams =120ms™ 
‘ a a 
£3100 For solid sphere, I=; MR 
4. (a)a zi ‘ 
It 


2 


2 yep? K?_2 
or MK? = 5 MRY Da = 5 = 04 


For disc, MK?=2 MR’, o}-05; ;Clearly, 


acceleration jai Rea is maximum.] 
(a) Factual information. 
(a) When no external force acts on the stone, 
it follows a straight path, Refer to Newton's 
first law. 

7. (a) The linear analoguc of moment of inertia 
is mass. 

8. (b) Factual information. 
(a) While acceleration is along radius, 
velocity is along tangent. 


yo oMe? 4 
WM. (a) -=—35=5 
To Mn??? 
12, (c) Zero torque. Conservation of angular 
momentum, 


13. (6) Moment of inertia increases ; Angular 
momentum is conserved. Angular specd 
decreases, 


14. (a) Rotational analogue of mass is moment 
of inertia, 
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15. 


16. 


17. 


18, 
19. 


ns 


/Explanations = 


(6) Law of conservation of angula, 
momentum. 
(b) Moment of inertia of ring = MR? 


Moment of inertia of disc = ; MR? 


io isp he. 2:1. 
Ratio is aie 


(r= 28 


(c) Factual information. 
(a) Moment of inertia does not depend Upon 


> angular velocity. 


20. 


21. 


22. 


(d) mgh aj mia 5 +4? 


or mgh =m mv’ rol $ unt) 
or mgh= 4 mi? +i Me? 


Clearly, v is independent of D. 


(c) v = Vgh ; Again, V?- 07 = 2 gsind fa 
l+s 
2 
7 4h 
or V°= gsinl=7e7l 
ae walt 
or V yeh or V= 3 gh 


cra Fat «(Get mat) | 
v 5 


2] fat mbt |= 2 a? +4 


(b) mgH = BR 
2 
26. (c) Ona plane bridge, Fa = my 
Fa 
Fa a 
Vv m™ 
mg 
™ 
Fig. 43 
Onaconvex bridge, mg-Fy = 
2 
2 Fpeme- oe 
Ona concave bridge, 
2 
y yee mu 
Fe- mgs or Ke=mg+ 
Clearly, Fc is maximum of the three forces, 
26. (c) For a convex surfuce in general, 
nu 
mg-N= 7 N 
mu" 
or N=mg-—~ 
AtA,r less, mg 
2 
miu 
= more, N less. Fig. 44 


: Na< Nop 

27. (a) When 0 = 0°, the net force T — me is 
directed vertically upwards. So, acceleration 
is directed vertically upwards. This alone 
decides that (a) is the correct choice. 

28. (a) The angle between N and W is 180° -0. 
Also, W = N cos (), Also, N sin () provides the 
necessary centripetal force, 


N_ Neos 


Fig. 45 


7 
Resultant of N and W 
2 
NY 4 w2 + 2NW cos (180* 9) 
N? +N? cos?) ON? con? g 


N*(1~ cos? 0) = Nain 


29. lee 
bution of mass is el isi 
the case of axis EG, ait 
30. 2 Iw = constant, ; 


2 2 
= MR? x 2 - constant ot = constant 


SS Av 24 
ee Ra RO RoR T=6h 
31. (b) eo) yy? _ Pu? 
Ey zi =I 


or Eys or Le vaihy 


2 2 
32. (b) dw? ob mat 0 xt =mel 
But l=1lm 
v=NB3g ms"! =VIx98 ms! 
=V294 ms '=54ms? 
33, (d) L=mx0?+mxa?+mxa%+m(2a)* or 
1 = 6ma 


34. (c) K=Gem,M=5¢ 

T= MK? = 5x 6x 6 g cm? = 180 gem? 
35. (a) v=n1 wisconstant 
. ver 


Te10 
velocity 


Fig. 46 


The particle at the highest position is at 
double the distance as compared to the dis- 
tance of the centre from the point of contact. 
So velocity is twice the velocity at the centre. 
36. (a) Sce Fig. 47. 
L=rpsinO 
or L=p(rsin0)=pd 
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Emportu eee ot Oe ff 
ip Yeetiye) 
2 21 
40. (ec) Me=nkid, Ro « a 
1 
1p 2 MRA dy 
ly 2 dy 
wo Mee 
But dy<dy * Ia<lp 
10 sin 30° _5 25 
41, (ce) cea ae =7%5=Sm a 
Fig. 47 ; 
Neither p nord changes. 42. (d) The torques Fyd and Fy of Fy ang % 


So, L is constant. 
t= 30g x 2= 20g x 2 = 208 


37. (b) Net torque, 
1=30 x2? + 20x 27 = 120 + 80 
= 200 kg m? 
204 
rela ee t5 
= a8 = 0.98 rad s? 
38. (c) t=Fd 


39. 


tis same in magnitude for both cases. 
Also, t = Ia. So, Ia is constant. 
For case (b), I is small. So, « is large. 

Pm | 
(8) In the first case, kinetic energy is > mv? 
In the second case, kinetic energy is 


diet + 2 tw? 
27 tlw 


2 
12,4 2 Y 2 
or pm +gxmk "h or mu’ 
gm 
So, ratiois——=- or 5:1 or 1:2 
mu’ 2 


i. | Questions for Self Assessment 


(c) 


or maw cos = mg or w* =—#—— 
4 acos 0 


Ncos0=mg 


7 
Now,  sind=2x+ or sino=2 
low, sind 2*o or sinO=5 


or = 30° 


respectively arc counter-clockwise, 
torque F3d is clockwise. Applying condition 
for rotational equilibrium, 


Fig. 48 
Fid + Fod-Fyd =0 or Fy=Fy+F 


a3 ny? +2 tu? 
43—44 (c). E=> Mv +9 lw 


1,2 
2°56 
1 


244 a2 2 Me? 
Mu’ +5 My io Me 


: 2 
elms dx 2 or? x% 
R? 


2 
1 
2 


= Gxixixids07d 


1 
Component 75 each, So, choice is (c) 


loo 
(c) 3 Muy = mI = cos i 
or c? = Wl = cos I) 
Now, 9 T-oyg= oe 
ma 

2mg - mg = T lagi - cos 0) 
or mg= 7 [2g = cos tn] 
or a. l-cost) 

2 
11 - 

or coxl=1—)= or 0=60° 


2 


wr [pees 
139 
6 (d)-7 (a), ME ~ mg con 
me 
ene 
t 
or 2 
4g (b) Minimum velocity at B = Vga pte) a ig 
Now. mygh = 3" * 5g or Aas or = git — cos) : ~ 
mu,? Ald Fig. 50 
Applying conservation 
sw and? of energy between L 
1 1 
: 2mel = mi? « mall ~cos 0) 
a = 
st 1 tke de 2. 26111 - cos 0) 
2 Ae) dey? %, =Rl-2pl\t-cost) 121 
y otal 7 
ai — ao From! 1) and (2), 
BML cosy = glll-2 6 2eost] 
7 or 1~costl=2eus-! of Sens22 
or ems or oecoet{ 3} 
or From equation (1), 
2 2 
v =ai( 1-5] or yal or v= el 
4, (c) The acceleration vector is in Il 8. (ce) Pa gr= der a 
quadrant. So, choice limits to (at) and tc), or we Ser 
p Q 
Acceleration magnitude = =. oe 


So, the centripetil 
ucecleration is dy. ' 


Fig. 51 
9. (d) T= cos 60° = 


or T= meus Gre 
r 


or ie 


r 


pe Oat O1x 2x2 
~ 2 1 

or T=(0.5+04)N=0.9N 

10. (a) NsinO = mr? 
NcosO=mg 


2 
tan == 
& 
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12. 


13, 


Os 
Cr) 
oF 


oe —E, 
P 


100 a gs! 
or wep mes sams 


(d) Lass of gravitational potential energy 


= Gain of kinetic energy 


U8 
mglil cos 0) = 5 mu 


or ot or he 
5 
Distance of nail from the point of suspension 
=(1-0.2)m=0.8m 
(6) Nsin@= nf g }< 
Neos ()=mg 
Dividing, 


tang 


ote Beane 
a 


a 
=! 2. 
a “Wa Ya 
2 Fig. 54 
(d) 
or 
2h R-h_ eh 
or v= Somers sat 
en in 


Emporium: Competitive Physica (Object y 


10N 
) wal Mor 
atl M4 
Yate | nto? 
mus nue 21. Ob) Bey, 
of nh 2 4 ae Ves of gravitational potential 
; 3 of Y With gain of kinetic energy, we get 
yh 4 
r toy 
7 uring with O° = Lah we yet t 
com" 4 pena 
Fig. 55 An 
nett " Combined 7 
or «She R or hey "1. wiment of inertia of ° 
2 vind! uD 1 
i. (8) tan 0= 5 it 49 
" We 2 yee 
ae b t 22% 5 Ss i 
tan = sin Lian 
i ined moment mga sing oe 
Gore of Il und b b , 
: o i) Ww mgt sind 2 
1v i‘ ° or Ee a mete mat 
2 ur? + mild | et 
or = [ 5 ar Fig. 59 or my? 2 mst sinn 
2 
4 mr + amb 
“6 i _glsind 
18. @) Combined moment of inertia of the system . igang oF 
2 2: i 5 
ani’ Att 4 ys + 2nd? = 8 mr? 4 2mb?, 2. (a) Ifp is mass/arca, then mass of square is 
a0 5 5 2 a} 
OR , 5 z Bp, Again mass of circular plate s 2 
or 2? a re? 15. (0) selq on aeey Clearly, the square plate is more massive 
WR oA he Fd, | large, a minimum than the arcular plate. 
w 7 bat i pyr Fd I mini- 23. (b) Instantaneous velocity of 
2h (p)t = Fa, | mint 
fog . mum, «| maxi- ¢ [Wana A tse? 
ee oi Fig. 57 (nt a 
ci c_| 
or ‘ 
. =e 
= V1225 ms” (t= as 


16. (c) Let us consider the instant the reel has 


Y 9. 
descended distance A. , 


Lass of gi 


ional potential energy 
= Translational kinctic energy 
+ Rotational kinetic energy 
2 


S 


mu? + ; Iw? 


or mph = jaw? h 


Fig. 58 


(d) t= (2mx"hay 


ra (2x mx 4x7 ht 


« 
Equating, Bmx = Zima", or (=> 


(b) Lis increased by a factor of Ep is 


increased by a Tactor off a 


a Q 
air vie Zcos 0 = 2u cos 5 
r 2 


Percentage inercase = 24. (b) Speed is constant ; So, torque is zero 


Fy a5 = F2 x30, With Fp = 4N, Fy = 24N- 
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1 gi = Lose of gravitational potential 
25. (b) Pi = Loss of gra energy 
A ral? 3 - PAE (1 cos 0) 
2°°3 3 
lo? 1-2sin?4 
or 3 *8 is = 2 
lo 2 2g sin? 


or 


ES In this type of questions, 
think of the vertical distance 
moced by centre of gravity. 


26. (d) Moments ofinertis of rings IandII about 
Vy" = 2x3 MR?= SMR? 
Moment of inertia of ring III about 
+ od pp? 
- YY'= 3 MR’ 
Total moment of inertia 


2, 1 agp? - 7 MR? 
=3MR +5 MR = MR 


27. (6) 


2 
wt 
R' 
R? 
145 
Ud R' VI+1 
or TF = 
. 1 
+5 


28. (c) Using theorem of parallel axes, 


Me? of LY 
pall y(2) 
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208. 


30. 


31. 


(6) Considering the free body 

diagram of centre of mass, we 

get 2 

Fee, = 62 - 2T en 
~—Fet_ _Se=2T  () 

OOM. my + mz 6 


2x4x2 m4 
ae2 OQ 


& 
Fig. 64 


Now, T= 


‘ 1 
From eqn. (i), ac M. -1-3] 3 


ABETTER SOLUTION 


+ 2 
MR= mya, + M202 sali) 
| Acceleration of 4 kg mass | 


= | Acceleration of 2 kg mass | 
8 ns? 


Note that the directions are opposite. 
Ifa, =3 ms’, thena2=-3ms~* 
From eqn. (i), (4+ 2)A=4x3-2x3 
or _ Azims? 
2 = 

(a) Ey = e 

log Ex = log L? — log (21) 
or log Ey = 2 log L — log (21) 
Now, think of y = mx —c to arrive at the 
result, 


(c) We have to combine the tangential 
velocity due to 5 
rotational motion 

with linear a 


: translational velo- 


city. So, the 
required velocity is Ma 
Y2 ug. Fig. 65 


3 ock wise 


ON 


F 


Fig. 66 

eater than the anticlockwisemomentof the 

ght of the wheel. Moment of weight mg 
point ofcontact, t)=mgxzx 


2 — 60 x 20 (from 
x geometry) 
x = ¥1200 = 20V3 cm = 0.2N3 m 


Moment of applied force F about point of 
contact, 


about 
Now: 


1]2=Fx0.2m 

m]=T1 
Fx 0.2 = mg x 0.2N3 =2x 9.8.x 0.217 
On simplification, F = 19.6 x VFN 
(a) In order to find the centre of gravity of 


Now, 


" the remaining portion of the disc, let us 


construct a situation which is equivalent to 
the given one. The 
‘disc with the hole’ 
can be replaced by a 
‘solid disc’ plus an 
extra disc whose size 
isthesameas thatof Ye] 
the hole and is 

located at the same 

place as the hole. : 

The weight of the Fig: 67 
additional disc will be assumed to be 
negative i.e. acling verticully upwards. 


CG __Weight of solid disc 
OG © Weight of smaller disc 


Now, 


R K 
or 30G = a == 
oc q oF OG 5 


onal pol 
ott belt 
y Te wheel will climb the atep only if the ; = 


moment of the applied force Pir % (ec) 


baton 2 unr, 


Al 4 
1% Ves ER? op wey 


s La2y{ av 
: su tz ic 
: and Mdo not change with temperature. 
o ony 
dig 
do 2 
2 1002-2 W, 49 
So. the angular velocity decreases by 0.67%, 
Aliter y-=101y : 
100 
4 101 
or saRD SOL 4 
a8P = 199% 32 
or RY, { 101) 25 101 7 
(i R’ or R= to| ® 


Using law of conservati a 
servation of angula; 
momentum, . 


2 yup?) 21 ( 102)? oe 
(3am Jo-5( 3] Rio’ 
in VS 
. . 1 
oF “=i o= 09930 


So,1u'is 99.33% of w. So, the angular velocity 
decreases by 0.67%, 


- (dy 1=MK? 


log l= log M + 2log K 
1x0+2x2+3x0+4x2+5x1 
( etd 
e) Xe. = 142434445 


4+B8+5 17 


This itself chooses option (c), You may try 
You, ifyou like. 

(e) Double torque, Double angular 
acceleration, Double linear acceleration, 
Double distance. . 


}. (6) Two particles, each of mass m, are on the 


axis of rotation XX. 


Now, sin sor =f 


_ or d =I sin 60°” 
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39, 


40. 


41. 


42. 


Moment of inertia of incomplete ring 
UM )o2_ 11 92 
= ( 2 je =12 MR’ 


(a) L=\S1E,, or L« VEy, 


(a) Take a bisector 
line. A‘B’ per- 
pendicular to bi- 
sector line AB 
Moment of inertia 
about an axis per- 
pendicular to the 
plane and passing 
through the point 
of intersection is 
12 6 
Applying theorem of per- 
pendicular axis, we get 


2 
or a= Me 
ML? 

oe ay _ Fig.70 


(d) t= force x lever arm of force 
t=mel sin0. , 
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49. (a) ML, of rod about z-axis in zero, 


¥ 


Fig. 71 
M.1. of remaining rods about z-axis 
2m/? 


a dca aa 


UP For rods along X and ¥ axes, 
Z-axis is an axis passing through 
one end of the rod and Perpen. 
dicular to the length of the rod, 


44. (d) t=f%4 
a g 


ton [PEBE 
& 


=Vi=2s 
Now AB = 2u x 2*4v 
46. (c) Clearly, ¢ 


the block shall 
v2 


Fig. 72 


topple about 
its edge 
through =O. 
The torque FL 
of the applied 
force is 


heal 
m9 
k—° 
le. 
Fig. 73 
clockwise. The torque mah of the weight is 


anti- clockwise. 
Applying condition for rotational equi- 
librium, ‘ * 


-FL+mgt 20 or F 28 


41. 


a8 of M45 
a 
+ vement of mass the edge 
about the “S Lopmont tae Ue below iL. So, the 
Jiven axis WW pea “* can have maximum 
edi? ) ilbnium extension of 
; SL. (6) tf 
he wire Gist) 7 
a ge axis Fig. 74 and Uther Centre of aravity of blocks A 
M 
mi | dm? = MR? ——" 
0 c 
(b) Torque due to x , rari 
the weight of the * hd 
Wo vin 
book = “> 5 Fig. 77 


48. 


49. 


thiscan be balanced 
only ifthe torque ap- 
plied by the boy is 
equal in magnitude be 
and opposite in 
direction. So, the 
torque applied by 


w 
52. (ec) Let G Fepresent the centre of gravity of 


Hei the three blocks A, B and C. 


. Wb. : 
the person is —>~ anticlockwise, 


(b) Since there is no slipping therefore the 
points of contact arc instantancous centres 
of rotation of the cylinder. The centre af the 
cylinder has to move through a distance J, 
So, the centre of mass of the string has to 
move through a distance /. So, the total 
length of the string passed through the 
hands of the man will be 2f. 


Fig. 78 


Now, 2Wxx=w/| 4 
] xx wa 


or 


am x 142m x 2+mx x +2mx0 53. (a) Moment of inertia of system 


() X=—>—,,, ey > 
rT 
m+2m+m+2m =mixttoma[$] omal 3] 


lL 


fo 151 2 
So & 14 oop (ma + my) 
y = 2x04 dn xl + mx 2+ 2m xl l 1 
i . im mx5+2mx0emx 
— Sl _ Gl Md) Xsan 
Tm 
(a) The * or = x= et 
lopmost block ae 
will be in A yom XO4 2x Le mx 21 
equilibrium if oo m+ia+m 
its centre of aime, 
gravity is at Fig. 76 4m 
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1% 


eet, 100th 
‘ aly ae ces 7 
7 f gravitat ‘ Mr, + Mr 
; tre of Kquating loss o jon - Are 
Sa, the x andy co-ordinates of the centre o energy with goin ofrotattonal eng Polaty fn? OM Werk that 
1H ; Wimay, a macect ash (6m) Rg emia’ emat 
owenls heed yt Mis the m ‘ach tphere, tm MiG) + may 
4 mney wher a) (mem? > oy 
ie. Tate 1° MaAen * mia mp 
BK (hy Peto nghed 2 | vi of Ray or 2. mcm» 
pede gead itegte ah ot 23 ie centre of mars 1s located at the point of emo 
entdeay eink. by ne ot 2g]. intersection of the medians ofthe triangle, But q's MM 
2664 12a 20W Neg 2\"F ) Let us choose the nucleus of thy meme 
w2eGelDe QW W, igi 
, 61. n atom as the origin for Maa) 
S86. (d) Taking moments of forces about point P, Pe v= Vig = RTOS ne suring py ltonnected-body problem] 
waget =V18 =3Zme" ; Ey Ky = icra 
. ‘ ee . 4 
FxOS=1OXOS . 60. \(e) Using condition for rotatj, | a ia 
\ equilibrium, ) 


u. (2) Treat the three masees of 1 yg, 2ug and 
{ ) . 3 yg as a singt 


e mass of 6 ug at (2,2, 2). 


Now, 2 S*2+6x2 or 4241220 
Fig. 82 , ; 10 
7 or r2-3, 
Mass of hydrogen atom, m, = 1 unit (say) 
gince chlorine atom is 35.6 times as massive p= 4ky+6x2 <3 2 oe ya-3 
en atom, 
as hydrogen atom Similany, 2 e-3 
., mass of chlorine atom, 
“ 5,5 unit (aay) 65, (c? Leta be surface mass density, The mass 
my = 35.5 unit (say) of the removed portion may be taken as 
Fig, 80 Now, x; = 0 and x9 = 1.27A= 1.27% 10-4 negative. The given system may be regarded 
F(r =A) = mgx «() Distance of centre of mass of HCI molecule astwo-particle syttem—one particle of mass 
800 ,, _ 400 But Pests (ri? or ata? yp from the origin is given by ° bit “ee a 
7G NeWDN=133.3N or te Qr-hWh oor x=VOroHR myty + mgt so 
ae ; mn Sore a . Now, 22lax0-4e() 1 
57. (a) Note that rand F are co-terminus. From eqn. (1), F= a k (2r—Ayh * 12a 3 
ae) = = 
“le bets id Fis 110°. 1%0 495.5 x 1.27 x 10" \6ax0-4e(-1) 1 
Ssvangle aes 61. (d) The contre of mass of each sphere is at = 1435.5 and ys a i ha 
Now, terF sind its geometrical centre. So, the centre of mass 5x127 "38.51.27 y a 
= 3x 60x sin 110° of the system is in fact the centre of mass of oe XW m, = SSL A rs (-3]-(3 casten 
= 150 sin (90° + 20°) = 150 cos 20° three equal point masses located‘at the = ¢ a 3 = 
= 150x09Nm=135Nm vertices ofan equilateral triangle ABC. Here 83, (d) Ifa is the acceleration of m,, then 
eS A, Band C are the centres of three spheres, . =a’ is the acceleration of ma. 
Ba) terkF Each side’of the triangle is 2R. In order to 
alt pk locate'the centre « 
sel2--3 4 of mass of the 
3 23 system, we have 
to choose one ¥ 
=h-o-a)sfli2—6) 4 hla +9} point, say B, as 
2 1its G+ 13h the origin. The 
ee iets Position vector of % m 
the centre of Fig. 81 
Height of centre of mass, mass: with 
h of or h=0.3m 


respect to the origin B is given by 
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A xx R. then the variation 
t is given by : 

( a 
&ere l- z 

\ 

If value of altitude & is not very small as 
compsred with R, then the following 
eqes! 


& (Reap 
‘The fractional decrease in the value of g 
= ah 
with height A(<< R) is ££ = 
& 
The percentage decrease in the value ofg 


9 
with height & (<< R) is 2 x 100 


Tf the Earth stops rotating about its axis 
ie, ifw = 0, then the value of g will 
increase everywhere except at the poles. 
This increase will be maximum at the 
equator and will goon decreasing towards 
the poles. 

If there is an increase in the angular 
velocity of Earth, then the value ofg and 
hence the weight of a body will decrease 
at all places except at the poles. 


- Theescape velocity does not depend on the 


direct:cx in which a Projectile is fired. 
“cowever, it becumes casier to attain 
escape velocity if the projectile is fired in 
the direction the launch site is moving as 
Earth rotates about its axis. 


148 


8S. Incgs system, the gravitational} Potent; 
is measured in erg g7) In Sh it, 
measured in joule kg7}, vy 
The value of G is 6.67 x 1078 dyn 
in cgs system and 6.67 x 107! 
inSI. - 
The mass of Earth is 6 x 10° kg, 
The density of Earth is 5.5 x 103 kg mm 


12. At a height equal to the radius Of the 
Earth, the value of acceleration due ty 


bad 


© cm? g2 
Nr kg? 


10. 


gravity is é where g is the value of 
acceleration due to gravity onthe Surface 
of Earth. 

13, The universal constant G must not be 
confused with the acceleration due to 

a Eee : 

gravity g which is the acceleration ofa 
body arising from the Earth's 
Gravitational pull on it. The constant G 


3 
has the dimensions —E— and is a scalar, 


Mr 


On the other hand, has the dimensions 
zi is a vector and isneither universal nor 
constant. 

14. The gravitational potential at a point on 


the surface of Earth is given by 
GM 


R 


Where M is the mass of Earth and Ris the 
radius of Earth. . : 


5 change 


qt ‘ i 
asin gravitational potential 
! 


16- 


19. 


Change in gravitational 


potentini energy dU 
dv" pam 
a-Eudr 


on E’ represents Sravitational field 


strength. ; 

ithe period of revolution of a Satellite 
volving close to the surface of Earth is 

spproximately 84 minutes, 

bi) 


if the orbital velocity of » Satellite 


* evolving close to the surface of Earth 


increases V2 times, the Satellite would 
a ape the gravitational field of Earth 


¢ polar radius of Earth is smaller than 
aeaatetial radius by 21 km, . 


The variation of acceleration due to 
gravity with depth d is given by 
d 


a8 1-R 


149 


Re in the value of 
* 0 Rravity with depth 


3 
or T= Gp 
22. Formula for orbital velocity in terms 
ofmean density of Earth. 


may OF y= xd aR 


or u=R : 
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Choore the correct ansu 
ing questions: 


1. The mags of a planet is twice the mass of 


earth and diameter of the planet Is thrice 
the dinmeter of the carth, then the 
acceleration due to gravity on the planet's 
surface 
(a) g,2 (0) 24, 
(0% 28 (a) 3g NZ 
2. Ina gravitational feld, ifa body is bound 
with earth, then total mechanical energy 
it has is 
(a)a+ve value (6) a zero value 
(c)a-ve value (2) KE. less than P.E. 
3. A satellite of the earth is revolving in a 
circular orbit with a uniform speed v. If 
gravitational force suddenly disappears, 
the satellite will : 
(a) continue to move with the speed v along the 
original orbit 
(8) move with the velocity» tangentially to the 
original orbit 
(c) fall downward with increasing velocity 
(d) ultimately come to rest somewhere on the 
original orbit. 
4. The velocity with which a projectile must 
bo fired to escape from the earth does not 


depend upon 
(a) mass of earth (6) mass of projectile 
(c) radius of earth (d) None of these. 


5. Kepler's law states that square ofthe time 
period of any planet about the sun. is 
directly proportional to 
(a)R (6) UR 
(oR? (d) UR, 

6. Fora planet moving around the sun in an 
elliptical orbit of semi-major and 
semi-minor axes a and é reapectively and 
time period T, 

(c) the average torque acting on the planet 
about the sun is non-zero 

(b) the angular momentum of the planet about 
the sun is not constant 

(c) the areal velocity is nab/T’ 


namportim: Compohlue SAY5ICE (Objog 


tin, | 
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cted Multiple Choice Questions 
wer from the four alternatives given in each oF the foley, 


4) tho planct mover with constant 
4 around the aun, "Peed 
7. Acccloration duo to gravity g ong the 
mean donsity of tho oarth PATO roloted by 


rolation 

(0) a7anR,? ele OER"? 
£ = (d) Nono of thos: 

(c) Tanne r) lone of these 


whero G is the gravitational constant and 
R, is the radius of tho carth, : 

8. The escape velocity of a projectile does nop 
depend upon 
(a) thrown ball (b) mass of earth 
()G (d) radius of earth, 

9. The ratio of mean distances of three 
planets from the Sun are 0.6: 1:1.6, then 
the square of time poriods aro in tho ratio 


of 


(a)1:4:9 (b)1:9:4 

(o)1:2:3 (d)1:8:27, 
10. Escape velocity is given by 

(a) vag (8) GR 

() VF gR (d) 2NgR. 


11, Satellite is revolving around earth. If its 


height is increased to 4 times the height 
of geo-stationary satellite, what will 


become its time period ? 
(a) 8 days (b)4 days 
(c) 2 days (d) 16 days. 


12. Abody is projected from earth's surface to 


become its satellite. Ita time period of 
revolution will not depend upon 

(a) mass of earth (8) its own mass 

(c) gravitational constant 

(d) radius of orbit, 


13. Whena body is lifted from surface ofearth 


toa height equal to radius of earth, then 
the change in its P.E, is 


(a) mg R (b)2mgR 
1 
Ao mgR (d)4mgR 


vie 
y not conserved in caso of, i 
what is Teclestiay — 94 E 
* SCARS velocity on og 


{4 podies revolving around sun? 


19. 


20. 


(0) Kinetic enery (b) Mass 

a Angular momentum 

(a) Both mass and angular momentum, 

whon body is raised toa heightR (which 

ig the radius of earth), the change in its 

PE. will be 

‘arma (b) 2mgR 

(oma Rl2 (4) 4 mgr. 

one of the geo-stationary satellites of 

India i8 vertically above 

(a) New Delhi (b) Mumbai 

(c) Some place in India but neither New Delhi 
nor Mumbai 

(d) None of these. 

1fGravitational Constant is decreasing in 

time, what will remain unchanged in case 

ofa satellite orbiting around earth ? 

(o) Time period (6) Orbiting radius 

(c) Magnitiics of tangential velocity 

(d) Angular velocity. 

Abody is orbiting around carth ata mean 

radius which is four times as great as the 

parking orbit of a satellite. The period of 

the body is : 

(a) 4 days (b)8 days 

(c) 16 days (d) 64 days, 

Which of the following quantities does not 

depend upon the orbital radius of the 

satellite ? 


r ce 
Gp (6) R 


If G is decreasing with respect to time, 
which of the following remains constantin 
the case of a satellite orbiting around the 


sun? : 

(a) Radius of the orbit (b) Angular velocity 
(c) Angular Momentum 

(d) Velocity, 


th is 11.2 km ool, 

slane Noeld be the escape velocity on a 

ie t whone masa is 1000 times and 
‘Us is 10 times that ofearth? 

(0).112 km grt ‘ 


(6) 11.2 emo 
" () 112 amt (43.7 kas 
* Ifgissarmeata height A and et adeothd, 
(a) Read (b)d=2h 
jhed (d) none. 
23, Two identical Copper spheres, each of 
radius r, are placed in contact. 


Gravitational force of attraction is 
Proportional to 

@)? (b) 4” 

(ey? (ar, 

24, What wil be the velocity of a projectile at 

.™ if it is thrown at twice the value of 
escape velocity? 

(a) V2, (b)\5u, 

(c)u, (d) none. 

25. The Average magnitude of intensity of the 
Sravitational field on the surface of the 
earth in ST is about 
(a) zero (6)10 
(e) 100 (d) more than 100. 

26. A solid sphere of radius R/2 is cut out of a 
Solid sphere of radius R such that the 
spherical cavity so formed touches the 
Surface on one side and the centre of the 
sphere on the other side, as shown. The 
initial mass of the solid sphere was M. If 
a paticle of mass mis placed ata distance 
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a] 


B 


30. 


31 


32. 


2.5 R from the centre of the cavity, then 
what iathe gravitational attraction on the 


Choose the correct statement(s) from the 


following : 

{a) The gravitational forces between | 
particles are an action and reaction pair. 

(8) Gravitational constant (G) is a scalar but 
acceleration duc to gravity (x) is a vector. 

te) Gand gare constant everywhere. 


(d) Both (a) and (b) are correct. 

The escape velocity fora body of mass 1 kg 
from the Earth surface is 11.2 km s“!. The 
escape velocity for a body of mass 100 kg 
would be 

(a 1.2x 10m) 112 kms 

(11.2 km 5! (d) 11.2% 10% kms". 


Due to a mass distribution, the gravi- 


two 


tational field is « along x-axis where & is 
-x 

a constant. If the gravitational potential 

is taken to be zero at infinity, then the 

gravitational potential at a distance x is 
k k 

(a) ia 

k 


k 
(d=. 
xo 


t= 
x 


At sea level, a body will have minimum 
weight ot 

(a) pole (b) equator 

(c) 42° south latitude (d) 37° north latitude. 
A satellite is orbiting very close to a 
planet. Its time period depends only upon 
(a) density of the planet 

(b) mass of the planet 

(c) radius of the planet 

(d) mass of the satellite. 

Escape velocity on a planet is »,. If radius 
of the Planet remains same and’ mass 


Myers 


33. 


34. 


becomes 4 times, the cacape Vel; 


becomes ly 
(a) du, (b) 2u, 

1 
ry (a) gue 


Thokinetic energy of asatellite in ivory 
around the earth is E. What shoulg tei 
kinetic energy of the satellite 80 4, 
enable it to escape from the Bravita ~] 


ti 
pull of the Earth ? onal 
(a) 4E (b) 2 
(co) V2E (dE. 


The Earth moves around the Sun in 
elliptical orbit as shown in the Fig, 2.74, 


ratio os =x, The ratio of the speed orehg 
Earth at B and at A is nearly 
B 


(i, 
aes 


Fig. 2 
(b)x 
(d)x*, 


(a) VE 
(c) xv 


35. Aplanetis revolving around the Sun in an 


elliptical orbit. Its closest distance from 
the Sun is rm. . The farthest distance 
from the Sun is rms. If the orbital 


angular velocity of the planet when it is « 


nearest to the Sun is w, then the orbital 
angular velocity at the point when it is at 
the farthest distance from the Sun is 


a) \/2 w oy)" 0 
Tmax 2 Tmin 
rr 2 
@F*o a” mint 
mn has 


38. IfEarth describes «in orbit round the Sun 


of double its present radius, the year on 
Earth will be of 


(a) 365 days (b) 365 x 2 x V2 days 
365 
(oF days (d) 365 x 4 days. 


* circular 


38. 


39. 


om 


o— 


40, 


bital velocity of satellite revolyj 
path close to the planet 
itt directly proportional to the density of 

planct 
») jadirectly proportional to the 
density of planet 
isdirectly proportional to square Ofdensity 
of planet 

«inversely proportional to 
(i) eaity of planet. ee ee 
A body is broken into two parts Of masses 
oi and mz. These Parts are then 
separated by a distance r, What is the 
value of mlm so that the Gravitational 
force hos maximum possible value ? 
fall (b) 132 
fo2:l (d) 4:3, 
Which graph correctly, represents the 
variation of acceleration due to Gravity 
with distance from the centre of the earth? 


Square rootof 


(o) 


4 
Qo 
> 
—_ — 
(a) (b) 
ry 
9 
—> = 
() (a) 
Fig. 3 


The gravitational potential difference 
between a point at the surface of a certain 
planet and a point 10 m above the surface 
is 4J kg”. Assume the gravitational field 
to be uniform. What is the work done in 
joule in moving a mass of 2 kg from the 
surface to a point 5 m above the surface ? 


Al, 


42. 


43. 


44, 


153 


(0.16 


(1.0 
(20 


A (d)40. 

Reo-stationary satellite is orbiting the 
bine pal of 6 Rabove the rurface 
EarthThe ee ae the radius of the 
ata beightcr ore i Pearebarealellie 
Earthy rom the surface of 
(0) 6\2 hours (6) 6 hours 
(€) 643 hours (d) 10 hours. 

Ifa graph is plotted between T? andr? for 
© planet, then the slope of the graph will 
be : (Letters have usual meanings.) 

42 4 


ON 


oM 
wy a 
(4nGM 
(ay SM 7 


Fig. 4 
Whatis the cube of the radius of the orbit 
of a geostationary satellite ? Given : R= 
mean radius of Earth, w = angular speed 
of Earth about its own axis, g = value of 
acceleration duc to gravity on the surface 
of Earth. ; 
(a) R’gha (b) Rghu* 
() Rutig (d) Rafa, 
X and Y are two points at respective 
distances R and 2R from the centre of 
Earth, where Ris greater than the radius 
of Earth. The gravitational potential at X 
is-800kJ kg”! When a 1 kg massis taken 
from X to Y, the work done on the massis 


(a) 400 kd (b) 200 kd 
(e) = 200 kd (d) 80 kJ 
(e) 800 kJ. 
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| Questions for Self Assessment 


Emporium: Competitive Physics (Objective) 


Indicate the correct choice among the following options (a), (b), (c) and (d), 


1, The gravitational force of attraction 
Setwren a uniform sphere of mass Mand 
a uniform rad of length {and mass m 
oriented as shown is 


Pe. 5 
GNe 
On == 
fo) Near? et (2) + DAM, 


of the following statements is 
wrong? 

(a) A ship moving ‘tom west tocast, along the 
equator, shall have less weight as 
compared to when it is at rest at the 
equator, 

(3) A ship moving from east to west, along the 

. equator, shall ‘ve more weight as 
compared to when it is at rest. 

(c) Earth has retained its atmosphere because 


the value of \/S* for sir molecules is 


larger than escape rekcity, 

(d) The time period of a simple pendulum of 
infinite length is the same as the time 
Period of SHM of a ball in a tunnel along 
the diameter of earth. 

3. Three masses, each equal to M, are placed 
at the three corners of a square of side a. 
‘The force of attraction on unit mass at the 
fourth corner will be 


GM GM 
) 
ss we 
3GM GMa 
erg (d) sud #]. 


4. Ifthe mass of a planet is 10% less than 
that of the Earth and the radius 20% 
Breater than that of the Earth, the 


acceleration duc to gravity on the Planet 
will be 


as Limes that on the surface of the Earth 


() a times that on the surface ofthe Earth 


(c) times that on the surface of the Earth 


(4) B times thet on the surface ofthe Earth, 


5. Which of the following correctly indicates 
the approximate effective values of g on 
various parts of n journey to the Moon? 


(All values are in m s™?,) 


before one in on the 
tate minute Earth — Moon 
off from afer orbit 
Earth liftoff 
(a) 9.80 9.80 0 16 
(5) 9.80 0.98 0 16 
(c) 9.80 0 i) 9.8x6 
(4) 9.80 7 0 16, 


6. Consider a planet in some solar system 
which has a mass double the mass of the 
Earth and density equal to the average 
density of the Earth. An object weighing 
W on the Earth will weigh 
Ww , ()2W 
(c) W2 (d)2* Wat the Planet, 

7. A body is projected vertically from the 
surface of the Earth with a velocity equal 
to half of the escape velocity. Maximum 
height reached by the body ie 


SR R 
(a) 3 5 

aR R 
(c) 3 dd). 


8. A sky laboratory of mass 2 x 10° kg is 
raised from a circular orbit of radius 2R to 
4 circular orbit of.radius 3R. The work 
done is approximately 
(a) 1x 10'6J (6) 2x 10" 5 
(e)1 «1085 (d) 3x 10" J, 


10- 


12, 


bk 


= 


artificial satellite is movin 
tar orbit around the Earth with 
ci 4 equal to half the magnitude of the 
spec’ velocity from the Earth. The height 
esc satellite above the surface of Earth 
ofthe Suppose the satellite is Stopped 


is in its orbit and allowed 

ly in to fall 
wen reaching Earth, its speed wil] 
r 
. nd (b) Ng 
: wat (d) 5\gR. 


Masses of 200g and 800g are 12cm apart. 
At which point from the 200 g mass, the 
intensity ofthe gravitational field due to 
whe two masses would be zero? _ 
(b)4em 
ea (d) 8em. 
A body is dropped from a height equal to 
the radius of the Earth. M is the mass of 
the Earth. R is the radius of the Earth, 
The velocity of the body on reaching the 
surface of Earth will be 


GM 2GM 
wf wa 

aGM GM. 
or OVE: 


In order to shift a body of mass m from a 
circular orbit of radius 3R toa higher orbit 
of radius 6R around the Earth, the work 


done is 


3GMm GMm 
OR OR 

2. GMm 2) GM | 
OER @"R 


Radius of the Earth is 6000 km. Weight of 
a body on the surface of Earth is 120 kg 
wt. If it is taken to a height of 2000 km 
above the surface of Earth, its weight is 
(a) 60 kg wt. (b) 40 kg wt. 

(e) 67.5 kg wt. (d) 47.5 kg wt, 
Explorer 38, a radio-astronomy satellite of 
mass 200 kg, circles the Earth in an orbit 
ofaverage radius where Ris the radius 


of the Earth. Assuming the gravitational 


Pullona mass 

to be 10 N 

Satellite, 

(a) 859 (5) 89N 

(ec) 8889 N (A) 89N, 

A Satellite of mass m moves around the 
ina circular orbit with Speedo. The 

Potential energy of the satellite is 

(a) m2 )-ms? 


ted ne Brut 


of lkgatthe earth's surface 
"calculate the pull on the 


16, 


16. A satelite is launched in a creular orbit 
Of radius R and another satellite is 
launched in circularerbit of radius 1.01 R 
The time period of second satellite is 
different from that of the first satellite by 
(a) 1.5% increased (d) 1% decreased 
(c) 1% increased (2) 1.5% decreased 

1% Astar suddenly shrinks and its density 
becomes 10? times the orginal value. The 
value of acceleration duc to gravity on its 
surface will increase by a factor of 


(a) 10° (b) 10° 
(10 (d) 107", 


18 A uniform ring of mass 
mand radius ris placed 
directly above a 
uniform sphere of mass 
M and of equal radius. ad 7 
The centre of the ring is 
directly above the 
centre of the sphere ata 
distance rx3 as shown 
in the Fig. 6. The 
gravitational force 
exerted by the sphere 


on the ring will be Fig.6 
(Se yy St 

Br 

—GMm GMm 


ary OT 


i i f the 

. A tunnel is dug along a diameter o! 
” Ait M, ond R, are the mass and 
radius respectively of Earth, then the 
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21. 


Escape velocity ofa body from th 


ced in the 


sof mass pli 
forcoon a particle of contre is 


tunnel ata distance 7 from the 


e surface 


is lL kms ssume that the 
See Cadiueotthe Earthare 81 times 
and 4 times the mass and radius 
respectively of the Moon. Then, the escape 
velocity from the surface of Moon is 
. (2) 2.44 kms! 


(d).1118 kmh"! 


(a)6Sms" 

(3.97 kms 
‘Two particles of equal mass m go round a 
circle of radius R under the action of their 
mutual gravitational attraction, The 


speed of cach particle is 
1 ft an /S2 
fa)u= oR VGm (b)u= OR 
1. [Gm _. [Gm 
(le=aVR- (d)v= ar oe 


Asatellite is revolving in an orbit close to 
the surface of Earth with kinetic energy 
K. When the kinetic energy is increased to 
aK, the satellite escapes. What is the 
minimum value of n? 

(a)2 (b)2.5 

(c)4 (d) 5. 

If the gravitational force were propor- 


tional to 2 , then a particle in a circular 
orbit under such a force would have its 
original specd 

(a) independent ofr y= 4 

(dy r?, 


«tb 


z 


| The speed of Earth's rotation about its 


axis is w. Its speed increases tox times to 
make the effective value of acceleration 


due to gravity zero at the equator. Then | 


the value of x is 
(a)1 
(VIZ, 


(08.5 
~ WA, 


Emporium: Conpetitive Physica (bycctirg, 


25. 


27. 


28. 


29. 


30. 


Two bodies of masses 10° ky nd 19) 
are separated by 3m. At what dintang 
from the smaller body the gravitatig 


‘ na 
field strength will be zero ? i 
- ‘ 
ym (b) Ww” 
5 
He 
Oy nm (d) Tym. 


. Three particles of equal mass m 


situated at the vertices of an equilateray 
triangle of side 4. The work done in 
increasing the side of the triangle to 2 wit 
be 


2, Gm? 

ta) (Sa 
3Gm? aGm? 
(a (d) TO 


The orbital velocity of a body at height" 
above the surface of Earth is 36% of that 
very near the surface of the Earth of 
radius R. If the escape velocity at the 
surface of Earth is 11.2 km sé, then its 
value at the height A will be 


(a) 11.2 kms 


‘ 2 1 4/2 a 
(c) gp X12 kms (d) k *11.2km s", 


A uniform. spherical shell gradually 
shrinks maintaining its shape. The 
gravitational potential at the centre 

(b) decreases 
(c)remains constant (d) oscillates, 

A projectile is fired vertically from the 
Earth with a velocity ku, where v, is the 
escape velocity and & is a constant less 
thanunity. The maximum height to which 
Projectile rises, os measured from the 
centre of Earth, is 


of % 11.2 em ot 


(a) increases 


R R 

“ak 

a) wes 
R ei R 

«) Rh 

Oa ao 


A satellite of mass m is revolving in a 


“circular orbit of radius r around the Earth, 


Jf M be the mass of the Earth, then the 
Fogular momentum of the antollite in 


ghey 


92. 


33. 


iN 


)Gme 
(al 
(c) Jomm?r (NGM me. 


vy aneellites A and B ga around the 
en incircular orbits at heights Ty and 
i epectively from the surface of Earth 
the Earth to be a uniform sphere 
Rg: The ratio of the magnitudes 


Ito reape’ 
assume 
of radius 
apy UA A 
ofthe velocity. of the satellites is 


Ta ) [linet 
VR, Ry + Np 


RY 
Ry + Re (a 4] 
i + Re Ny 


The radius of Earth is 6400 km andg = 
10m s’?, In order that a bndy of § kg 
weighs zero at tho equator, the angular 
speed of Earth in radiavs is. 


1 
1 = 
ws we 

; 1 
Ow () Te05- 


A body weighs 63 N on the surface of the 
Earth. At a height h above the surface of 
Earth, its weight is 28 N while ata depth 
h below the surface of Earth, the weight 
is 31.5 N. The value of h is 

(a) 0.4K (0) 0.5R 

()0.8R (dy) R. 


. Adouble star consists of two stars, one of 


mass M and the other 2M. Distance 
between them is r. The two stars revolve 
under their mutual gravitational force. 
Then 


.‘ (a) the kinetic energy of the heavier star is 2 


45, 


times the kinetic energy of the lighter star 
(8) the two stars will revolve around the point 
of trisection of the straight line joining their 
mass-centres, nearer to the heavier star 
(c) the two stars have equal periods of 
revolution 
{d) both (b) nnd (¢) are correct. 
A mass m is raised from the surface of 
Earth to a point which is at a height aR 


36, 


37. 


38. 


39. 


40. 


from the aur! 
Fetential ence, 


fn) MAR 
a 


face of Earth. Change in 
BY 1s 


2 
by mek) 


(C)amgh. ta, 2a 

a 
Farth 'S compressed ty such a small- 
Size sphere that the escape velocaty 
becomes equal to the velocity of light. 
What is the Approximate radius of this 
small-size sphere? (Gren : mass of Earth 
=6%10" kp 
'9)4.5 mm (8) 9mm 
(12mm (d) 24 mm 
The mean radius of the Earth's orbit 
around the Sunis 1.5 + 10"! m. The mean 
radius of the orbit of Mercury around the 
Sun is6 x 10" m. The Mercury will rotate 
around the Sun in 


(a) l year (b) nearly 4 years 


1 
() nearly + years (d) 2.5 years. 


In Q. 37, the ratio of the linear velocity of 
Mercury in its orbit around the Sun to the 
linear velocity of Earth arourd the Sun is 


v0 2 
(a) 22 a[2 
la) 2 (6) 10 


(e)2v10 wy. 


The ratio of the kinetic energy required to 
begiven toa satellite sothatit escapes the 
Gravitational field of Earth tothe kinetic + 
energy required to put the satellite ina 
circular orbit just above the free surface of 
Earth is 

(a) 1 (b)2 

{c)3 (d)9, 

A satellite is circling around the Earth at 
a distance x from the centre of Earth. If 
the radius of the circular orbit is reduced 
by 1%, then the speed will increase by 

(a) 0.5% (by 1% 

(c) 2% (d) 3%. 
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41, The value of "ata certain height above 
Ric 3 
the free surface of Earth is q where x 1s 
atthe surface of Earth. The 


thevalucof,” 

height A is 

(dR, (b) 2K 
(el 3R (dak. 


Two satellites move in circular orbits 
around tho Earth at distances 9000 km 
and 9010 km from the centre of Earth. If 
the nearer satellite has a period of 
revolution of 99 minutes around the 
Earth, then the difference in the periods 
of revolution around the Earth is 

(a)3s (b)6s 

(9s (d) 12s. 

The largest and the shortest distances of 
the Earth from the Sun are r, and re 
respectively. Its distance from the Sun, 
when it is at the perpendicular to the 
major axis of the orbit drawn from the Sun 


is 


43. 


rer bile] 
wt Ona 

Qryr. rer. 
(y—? a, 

try 3 


What is the weight ofa body ata distance 
2r from the centre of the Earth if the 
fravitational potential energy of the body 
atadistancer from the centre ofthe Earth 
isU?, 


44, 


U U 
(a) (0) 5, 


it (d) Ur. 


46. Consider two point masses‘of 10° kg and 
10° kg soparated by 1 km. Ata distance r 
from the lighter of the two masses, thp 
Gravitational potentin! duc to the lighter 
mass is 10 times the gravitational 
potential due to the heavier mass. The 


* value ofr is 
a 1 
(a) 500 k= ©) spo km 
1 
(a km 1000 
S89 (F001 Ke 


Emportum: Competitive Physics (Objee 
ti 


46, Masses of 1 kg each arc placed 1m 


47. 


48. 


49. 


50. 


61 


52. 


4m 8 my vo (TOMO point Ky 
gravitational field intensity at p 
these masses is 


(a)G 


uy 
' ™% 
due 
(b) 2G 


4G 
(ce) 4G (d) 3° 


If the value of acceleration due tp Bray; 
on the surface of Earth is 10 m 5-2 ni 
girl can jump safely froma height ot)" 
If she has to jump on a planet Wh 
acceleration due to gravity is 0.2 m er 
then the safc height will be Ls) 
(a) 0.2m (6) 10m 

(c)2m (d) 100 m. 

Suppose Earth's orbital motion aroy, 
the Sun is suddenly stopped. What ti 
the Earth shall take to fall into the Sun? 
(a) 5 days (6) 27.3 days bs 
(c) two months (d) Lyear. 


mand radius r, are keptin such Away that 
each touches the other two, 
magnitude of the gravitational force on 
any sphere due to the other two is 

Gm Gm? 
wi we 

Gm? Gm? 

() V2. am (COREE = 
The radius of the Earth shrinks by 1%, its 
mass remaining the same. The Percentage 
change in the value of g is 
(a)- 2% (6) + 2% 
(e)- 3% (d) + 4%, 
The escape velocity from a spherical 
planet is vp. What is the escape velocity 
corresponding to another planet of twice 
the radius and half the mean density? 


(a) V2 “0 
fa) Y2u, OR 
(c) 2u9 (d) dug. 


A body of mass m rises to a height A -# 


from | the Earth's surface where R is 
Earth's radius. If g is acceleration due to 


Three uniform spheres, each having Tass | 


53 


54. 


56, 


87. 


rat 
avity at the Earth's surface, the 
arroas in potential energy is 
i 
4 
(b= 
(aymah Yemah 
6 
(d)z 
i 3 mgh 7 mgh. 


A particle of mass 1 kg is placed at a 
distance of4m from the centreand on the 

xis of 8 uniform ring of mass 5 kg and 
o 3m. The work done to increase the 


radius i 
gistance of the particle from 4 mto 3V3 m 
is c 

G G 
Okey oad 

G 

G a 

wes $a. 


A satellite moves in a circle around the 
Earth. The radius of this orbit is equal to 
one-half of the radius of the Moon's orbit, 
The satellite completes one revolution in 


(0) lunar month (b) 242 lunar month - 


(92% lunar month = (d) 2“? Junar month, 

What would be the length of the day if the 
angular speed of Earth is increased, such 
that the bodies lying on the equator fly off? 


(Take 7 = 3) , 
(a) 1.3h (6) 9h 
(c) 12h (d) 16h, 


Three particles, each’of mass 107 kg, are 
brought from infinity to the vertices of an 
equilateral triangle of side 0.1 m. The 
work done is 

(a) 2x 10°S (6) 2x 10°" 

(0) 2x 10'S (d)2x 109 J. 

A diametrical tunnel is dug across the 
Earth. A ball is dropped into the tunnel 
from one side. The velocity of the ball 
when it reaches the centre of the Earth is 


«...| Given: gravitational potential at the 


3 GM 
centre of Earth =- oR | 
(a) VR (6) gR 
(c) 25 —R (dV V7.1 KR. 


159 


58. itational pote; 
The Gravitational potential energy of a 


Tocket of mass 100 kg ata distance of 10’ m 
from the Earth's mass is 4% 10? J. The 
weight Of the rocket in newton ota 
distance of 10? m is 

(a) 8x 107 ()8x 107 

()4x 107 - Ad) 4x 107, 

59, Consider two solid uniform spherical 
objects of the same density p. One has a 
radius R and the other of radius 2R. They 
Are in outer space where the gravitational 
fields from other objects are negligible. If 
they are at rest with their surfaces 
touching, what is the contact force 
between the objects due to their 
Sravitational attraction ? 


(a) Ga7R* Boers 
128 1128 a3 
Chratia (G7 2G. 


60. Three particles, each of mass M, are 
situated at the vertices of an equilateral 
triangle of side length a. The only forces 
acting on the particles are their mutual 
gravitational forces. It is desired that each 

while 
mutual 


particle moves in a_ circle 
maintaining the original 
separation a. Whatis thenet gravitational 
force on one of the particles ? 


2 2 
(yo one ae 
a co) 
2 2 
owe (a) 2M 
; @ a 


61. In Q. 60 the required initial velocity is 


(a) 4/S¥ wt 

r 7 

3 afm 
Ve Ve 


62., A body starts from rest from a point 
distant ro from the centre of the Earth. It 
reaches the surface of the Earth whose 
radius is R. The velocity acquired by the 
body is 
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63. 


64. 


66. 


67. 


68, 


— 


eal bcd 
(ay 20M Vn : wel p | 


+ i 1 
ian Viet wen {ten | 


Four particles, cach of mass M, move 
acirele of radius Runder the action 
of there mutual gravitational attraction. 
particle is 


wre 


oN 


The speed of ¢ 


‘ 


R 
te) [sx (we 


R = radius of Earth and escape 
velocity from the surface of Earth = 
11.2 kms), What is the value of escape 
velocity at a height 3R from the surface 
of Earth? 

(a) hGkin st 
(10k s* 


(d) Wt 


Given 


()9Skms* 
(a@)u2kms'. 


. A body is thrown up from the surface of 


Earth with a velocity equal to ; th of the 


escape velocity from the surface of Earth, 
The height attained by the body is 

ik 
(b) 3 
Jor 
20 
An artificial satellite is orbiting at o 
height of 1800 km from the Earth's surface. 
The Earth's radius is 6300 km and g = 
10 m s** on its surface. What is the radial 
acceleration of the satellite? 


(d) 


(a)6ms7 (b)7 m 

(8 ms? (19m 

Tn Q. 66, what is the specd of the satellite? 
(a6 kms! (0) 7 kms" 


(0) G kin 5 (Skmst, 


The period of revolution of planet A 
around the.Sun is 8 times that of B. The 
distance of A from the Sun is n times 
urcater than the distance of B from the 
Sun. The value of n is 

{ol4 (b)8 

(12 (d) 16. 


ay. 
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69. Ifa budy is to be projected vert 


70. 


7 


72. 


73 


fo 
Nr 
) 


. lc 
upwards from earth's surface ty rena 
hoight of 1OR where ICs the odin, a 
Harth, then the velocity required t do af 

My 


ss 
fra, [2 
(a) otal Wy TpaR 
[20 [8 
() wet (d) ar. 


What is the total energy of a Satellite 

mass nt revalving around the Earth int 
circular orbit with speed v ? The tota 
energy of the satellite is 


(ag eve! (b)—F mut 

te) Smut? (3 mut 

co to’, 

A satcllite gocs along an elliptical orbit 
around the Earth. The rate of change of 
areca swept by the line joining earth and 
satellite is proportional to : (ris radius of 
orbit) 

(a)r (or? 

() (d) r7?, 

The gravitational potential at a height j 
above the surface of Earth is ~ 5.12 x 197 
J kg”', The value of acceleration due to 
gravity at this height is 6.4 ms~. Ifradius 
of Earth is 6420 km, then the value of h is 
(a) 800 km (6) 1000 km 

(c) 1600 km {d) 2000 km. 
Consider a particle of mass m on the axis 


of a ring, of mass M and radius r, at a 
distance r from the centre of the ting. This 
Particle, moving under the gravitational 
altraction of the ring, reaches the centre 
of the ring. The velocity of this particle at 
the centre of the ring will be 


(b) facet 

r 

2GM 1 
af = 1-5 . 


2GM._ 
(V2 41) 


1 


+ 5- 


16. 


11. 


78. 


sot A particle is dropped into it at the 


ace, The particle reaches thecentrmof 
planet with speed v, Ifv, isthe escape 


the py from the surface of the planet, 


velo 
then 
tar 2" eu 
1" Vu 
(c gatellite revolving around the Earth 
- some enerty duc to collision. What 
oad be the effect on its velocity and 
sistance from the centre of the Earth? 


(a) Velocity increases and distance decreases 


(b)u su, 


(d)u, © iSu, 


(b) Both velocity and distance increase 

(¢ Both velocity and distance decrease 

id) Velocity decreases and distance increases, 
The energy required to shift a satellite 
from orbital radius r to orbital radius 2r is 
E. What energy will be required to shift 
the satellite from orbital radius 2r ty 
orbital radius 3r? 


(a) 


4 
A boy jumps to a height of 2 mon the 
surface of Earth. Suppose the same boy is 
now on a planct where when he jumps, he 
escapes from its gravitational pull. If the 
_density of theplanet. were same as that of 
Earth, what would be the maximum 
radius of the planct ? (Take radius of earth 
as 6400 km) 

(u) 6400 x ¥2 km (b) 3200 x v2 km 

(c) 802 km (d) 40¥2 kin. 


A solid sphere of mass m and radius r is 
placed inside a hollow thin spherical shell 
of mass M and 
radius Ras 
shown in Fig. 7. 
A particle of 
mass om’ is 
placed on the 
line joining the 
two centres at o 
distance x from 


Fig.7 


80. A solid sphere of unif 


' rela 
ioe aahnea danas genet! 
; ancl is dug along a diameter of the 


the gaint nfeant 
Wforege 


force on th 


acta the sphere and shell 
28, then the net gravitational 
W3 particle in 


Grr’ 


ee 
‘WR-e 
ty SO 


R re 


79. The masses and radii of Earth and Mooa 


are M,, Ry and Ma, Ry respectively. Their 
centres are adi ed apart. The 
with which a particle of 
Mass m should be projected fram a point 
mid-way between the two centres so as to 


Minimum sper 


density and 
oral foren of 


radius R exerts a gr: 
attraction Fyon a partic! 


Fig. 8 


made in the sphere. The sphere (with 
cavity) exerts a gravitational force F; on 


_ Fy. 
the same particle at P. The ratio Fs 


9 2 
as OF, 
1 4 
(Fy Ws 
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1. Sclected Multiple Choice Questions 


1 tegen ae gyn Sie 20M 22 
» (e Beng he Re any 


2. (c) Negative energy means that tho body is 
bound. 


3, (b) When no external force acts, the body 
moves along a straight line, 

4. (6) Factual information, 

5. (c) Factual information, 

6. (c) Areal velocity is area covered per unit 
time. 


7. (bee 


or p= —S&—., 
Gyr 

8. (a) Factual information. 
8 Tre 
10. (a) u,= VR 


MW. (a) Pep or Tx 2; when ris increased 


by a factor of 4; T increases by a factor 4% 
ie. 8. 


igor rel:2:3. 


32, hy Ta 2 FHL 
% [aN 
r 


13, (e) W=-E% When k =R, then W=2 mg. 


1+o 2 


14. (a) When body is closest to sun, it is fastest. 
When farthest from the sun, it is slowest. 


16. (c) Changein eravitational potential energy 


COR 
=Workdone= | SMm yy 
rn x 


eam, 2 as 
-6xin || =-GMm | 2 
R ~Ir 


Emporium: Competitive Physics (Objeoy 
a) 


Answers/Explanations 


16, 


LV 


20. 


23. 


24, 


25. 


2GM ’ 00 
+ (a) Yes VR i= af oe = ty 


11), GMm R? 
--6¥n] 38 x “OR eo aR 


1 
"3 mg. 0. 
(d) Goostationary* satellites havo 
parked above the equator. Equator q 


pass through Indin. 28 no. 

(c) When G is decreasing with tim 
gravitational force begins to decrease, se 

the orbiting radius increases, se) 4h 
WTA. 

(d) Kepler's laws, 


(c) Zero torque, constant angular 
momentum. 


or ue = 10x 11.2 kms"! = 112 km, 


2h 
(6) gy = «(1 } aree(1-§) 
Mfg, =Bys then d = 2h, 


Fo Gar 
: (ar? 4r? 


or P=S[ fe] an 


1 1 
(b) 55 mv? +0 = ml2u,!" 


or uP = du? = u,2 = 3u,? or v= Vu, 

(6) The gravitational field strength equals 
the value of acceleration due to gravity. 

(d) The required gravitational force = force 
due to solid sphere of mass M — force due to 
mass removed to produce the cavity. 

(d) Based on factual informations. 


(c) Escape velocity does not depend upon the 
mass of the projected body. 


3. 


435. 


+ ag — lw? cos? 6 


nat 
cme ml" cos” 9 
or m8 


utof the four given places, the valucofg is 
jenst the equator, So, the term mRn? cos? 
will have maximum value at the equator, 


Thus. ma’ will be least, 


rea 
(a) =! \'GM 
RS 
Te24 | —— 
Gx 4 Rp 
3 
oo, Ts Qn anGp 
Clearly, T depends upon density, 
2GM 
(b) vee NR 


M is increased by factor of 4, So, ve is 
increased by a factor of 2, 


. (b) Kinetic energy required Lo escape 


21 GMm 


R R 


me 


*9 
Orbital kinctic energy 
14, 9M 
2 RO 


Clearly, kinetic energy required to escape is 
twice the orbital kinetic energy. 


. (6b) Applying conservation of angular 
momentum, 


muy x OB = muy x OA, oF we oR" 
INote that muy x OB is only an approximate 
values because 0) # 90°]. 
(d) Applying conservation of angular 
momentum, weget / 


x 


2 
min 0 


Tras 


MA in n= Mae OF UF 


163 
6, (b) Te (4 
Since ris doub| ‘ 
led the i 
A factor off] op fou increased by 
So, the new lime period is 365 « 217 days, 
37. (6). ge 4] OM 
K 
924) S 54 ops, 
9 Ra RR'p 


38, (a) pe OTM 


é 
Fis maximum when m mq is maximum. 
Now, 4mm = Vim; + my)? - (my - m2)? 


Clearly, myniz will be maximum if 


- oom 
my-mz=0 of m,=mg or hel 
2 


d 
38. (9 a26(1-8 


Red 
FBR 


by. 
or ¢,=°— 

Lean) t 
or gy 
So,-within the 
Faith, the ace © 
celeration due Hey 
togravity varies 6 
linearly, with the distanee from the centre of 
the Earth. This explains the linear portion 
OA of the graph. 

40. (d) Work done is same 
whether we move a 
mass of 1 ky through 
1Omor2kg through m. 
Since potential dif 
ference between two 
points separated by 10 
mis4d kg! therefore 


— 


Fig. 10 


| 
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4. 


the work done in moving Uke Uhrough 10m 
ye dd Work dane in mowing 2 Ag Uhrough 5m 
will aleo bead 

la) Inthe firstease, rye 7R 

Inthe eewond case, ry 2.5K 

Radius of orbit is halved So, T becomes 


ry v2 


fa) tan0= 5 


Questions for Self Assessment 


. (a) Mass per unit length =F 


Mass of section of length dx = 7 dx 


Let dF be the gravitational force of atirac- 
tuon between this section and sphere. 


x 4 
}———— 1 —_| 


4 


Then, dF = GM~—3— 


rol rol 
ref Glin 4, , Ghim f cre 
, 


roi t 


_ GM 
rr) 


Empormun: Competitive Phy ster (Obj 
ty 
y 


. om fai 
an. (b) two We pe 


A | gn? 
or me _ 


2 2 
or yt oe or Alek 
r wt 


44, (a) Work done/mass = Potential differ, 


= [400] ~ | 800] = 409 lay 


CH Note that Aravitationgs 
potential is inversely proportiona, 


to distance. 


Ifr> then P= GUM 
r 


2. (c) Let us discuss the correctness of the (a) 


option. 

When the ship is travelling due cast, its 
angular velocity will increase. This is be 
cause of earth's rotation nbout its axis from 
west to east along the equator. Due to in. 


erease in angular velocity, a component of: 


the weight of the body has now to Provide a 
greater centripetal force. So, there is a 
decrease in the apparent weight, 

Let us now discuss the correctness of the($) 
option, 


When the ship is travelling due west, there 
* isa decrease in the resultant velocity of the 
body. So, a smaller centripetal force is 
provided from the 
weight. So, there is 
an increase in the 
apparent weight. 
Let us now discuss 
the correctness of 
the (c) option. For 
this, let us first 
find time period of 
asimple pendulum 
of infinite length. 


Fig.12 


anion 
; 165 
restore force, 
emg nin (0 +d) =— mpl oo) “OPI With 2 tly, we o 
ra 
aie wh w Be 


R 
a oeed[ tet 
we V “ab 


When the pendulum is of infinite length, 
then! -> © 


Fig. 13 


T=2n+ 
& 


Substituting values and simplifying, 

T = 84.6 min. 
Let us now determine the time period of 
SHM ofa ball in a tunnel along the diameter 
of Earth. 


"Teale 


Substituting values, we get T = A466 min 


Lat us now discuss 
Option fe) 


the incorrectness of 


Wupas is larger than scape velocity, then 
the molecule would escape 
field of Earth, 


the gravitational 


(dy #27, = OH 


a a 


Resultant of Py and 


“WZ GM b 
Now, = OM and OM acs in the same diree: 
aa 


IGM GM 


lion. Their resultant is 


or raked 
3 


|. (d) The effective value of acceleration due to 


gravity on the surface of Earth is9.8 ms", 


ANer, 1 minute, the body will bo at a certain 
height above the Earth. So, the value of g 
will be less than 9.6ms"?, When thesatellite 
is orbiting the Earth, the effective value of 
acceleration duc to gravity is zero. 

The value of acceleration due to gravity on 
the Moon is one-sixth of the value of ac- 
celeration due to gravity on the Earth. 
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- c) 


1e6 
6. (d) | My 2M, 
aha ta 5 eRe 
or RSE ER ET or By a Ny 
ML 
GMm 12 GMm 
"one ee “R 
: 1 2_GMm_ GMm 
GMm |g. _GMm : _ or gm =—R~ “oR 
7) -RRt R 2 
1 fiaf2am F_GMm | GMm 
‘7. $m[3 R | ~R+A* R 
1 2GM_2GMm_GMm i2 
“B" R sk 4R 
GMm_Gim_GMm__ 3 GMm 
oO TReA aR ORO 4 OR 
1 3 
ot 5 =4R 
or Rek7an SR + 3h 
or ’ -3h =4R-3R=R or at mE, R? 
3 13.- (ce) we Rot 
8. (6) we| - SMa |_/ _ GMm (R+ A) 
- (8) We} "GR [aR me, 6000x6000. ™e 
. . or Tag 7 8000 8000 mg =e 
_GMm_GMm _1GMm if ‘ ma 16 
mR 6 43 s 
a : R or mg, = FX 120 kg we = 67.5 kg wt 
= gmgR = =x 2x 10° 10 sa) Bq R? . R? 
x 6400 x 107J a (R+hy (ar¥ 
= 20104 : 2° 
9. (a) Using conservation of energy, be fq 4 oF & 4, 
1 2_ GMm _4_GMm a) 9 
: 7 2 Pull on the satellite = mg, = mg 
or my2=GMm_GMm 9 
2 Rak = 3x 200% 10 N = 889 N 
GM, _1 2_ GM 
or 2Gh [1-2] or ot Sit 16. (6) u-- GMa 
But @h? = GM i n 
ne ° Kinetic energy = oun 
% 
ve VEE or usagi GMm 
U=(-2) “5 ™ =~-2x kinetic energy 
10, (6) &x800_ Gxz00 , ° 
(2-x7  ? == 2x5 mu? = — mu? 


18. 


UF Follow the 
in this solution. 


central argument 


The gravitational field at any 
Point on the ring due toa sphere ia 
equal to the field tue to a single 
Partlele of mass M located at the 


itis an increase. 
centre of the sphere. 


Clearly. 
M= 4 nlp 


19. (a) Let us first calculate the mass of inner 


Rip = constant 
Solid sphere of radius r. 


or 1 

1 

3 oc = Roe 

o R35 or Re pa ool) Maus of inner solid sphere, M’ 

4 M4 M, 

fa, ge SRGRD eat xSP. ZA 
Agi 3 : fant 2 Re 
<3 (Ifrom eq. 
on RP OT BM 1m eq. (1)} Now, poet 9. | GMer 
, BF & 2 

oe : ee 
The required factor is 110714 i.e, 108 GMunr 


Force on particle of mass m = mg = aT 


EX Note that those layers of the 
aphere which have radii larger 
than r do not have any contribu- 
tion to the gravitational force. 


2G~sIM_ 
20. (b) 1124 f2= 80 
_.. [26M 
a R 
a 2M [aR 
Dividing. T=" * ViGxeim 
‘i voy [a =2 
re n- Vai 9 
ie v= 22 kms = 244 kms" 


21. (c) The gravitational 
force of attraction 
provides the necessary 
centripetal force. 


Alternative Solution 
The gravitational field due to the ring al a 
distance Var is given by 


Gm(N3r) 2N3Gm mu? _ Gimym) 
T+ (ar? a RR 
¥3GmM Gn 


Required force is EM i.e. 


. Br? 


eR 


Fig 17 
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22 fa) Orbvtal kinetic enerky’ 


1 z 
eym,i« 


So, the valuc of nis 2 


For the equator. cos" ¢ 


Also, g’ = 0 (given) 


3 
1] Fig. 18 
26. (c) Initial gravitational potential energy, 


= 3Gm? 
! 


Final gravitational potential energy, 
3Gm? 


U, = 3Gm? 
er] 


U= 


Emportunt: Competitive Mhystes (Oty 


Work done, W = Uz ~ Uy 


{93 


27. (e) 
Clearly, if vo becomes 36%, v will aly, be 


come 36% 


» 36 ae 
Ue = Jog * 1-2 km ot 


9 es 
= 5g ekms 1 
(6) Gravitational potential at the centr, 
GM pt 
R 


spherical shell = — 


As the shell is shrinking, R decreases, SM 
R 


increases. 

So, - SM decreases. 
29. (c) Applying conservation of energy 
principle, we get 

1) 2 2 GMm GMm 
gmk aes ar 


1 422GM_GMm __GMn 
v2 R Ror 
on Medes. det 
"ORR 7 7 ROR 

dil 2 ait 

or paRlln Ak) or rep 


30. (c) L=mur 
GM 


L=mvfj—r 
r 


— 
LoVe 2 or L= VGMm*> 
vo 1 
Ww 
YA a [Rn+Re * 
vp VRy+Re 


32. (c) mg’ = mg - mRu? cos? ° 


31. (0) 


In the given problem, mg’ = 0 
Al the equator, 9 = 0°, cos =1 


‘ting, 


| 


0" 
pnttas 
v gee od 1” 
mf? 28 
2 


6 ayf{—_10_ 
, oe VR 6400 + Jo0g "ade! 


ol 
- ta rad 
) mea = me 
gn 
315 
d 
or R 
oF 2d 
Let us verify the answer 
whe aR oe 
er oer? = 8 


So, the answer is verified, 
4. (d) Considering the origin of theco-ordinate 
: system at 2m, the position of the common 
centre of mass is given by 
Q2mxO+mxr_ 


& 
2n+m 3 
So, the centre of mass is at a distance att 


from 2m. Also, itis at a distance of © from 
m. Thus, the stars revolve around the point 
of trisection of tne straight line joining their 
mass-centres. 

Ratio of kinetic energies 


ry 

2 (10% m5) oy 

Thi, (2 472 
™3 


35. (6) Change in potential energy 
=| - GMmn _GMm 
aR+R | R 


GMm __GMm__GMm[__1 
n+l 


R “Ran+l R 


“"R nati atl Rat 


6. fr 


38. 


39, 


29 
2 1M Ga tol 


1ei?s3e1o° 7 


(a) vs 


(b) Ey =2mv,? 


1 Ue = NIgR 
=a xR | When orbit is close 
=mgR to Earth, vg = Vg 

Ez =! mug? =! mgR 
mak. “) 
7msR 
(a) = =(GM)?- : 
Both G and M are constants. 
uy sh? wn) 
Avo 1) v1 
Stee -4 k 
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42, 


pee 1" a (2) 
Deviding (2) by (1), 

bee ee 

a Ee? 

dy lar 
a % 2s 


Let vp = 100, = 100 
Ass, Ar = 1 (given) 


1 1 
bog e- gx tengo 05 


Negative sign indicates that if radius is 
decreased, the velocity is increased 


Time-saving Tip 


to) 2 


2 
x, _GM 2 
Again, a" iReap or room zz] 


1 (_2_) 

Te | Rez 
12 : 

R'is R+he2h or heh 

() Pek? 

2TOT = 3kRANt 

2TAT SaRAR | AT DAR 
Poa OT 
gar 

“onl 
3, 10 


"2" 5000 * 20x 60ne0e 


(e) The general equation of a conic is 


or 


or aT 


Jeb secon) 


In the caso of ellipse, the turning points a 
tO = 0° and » 180° om . 


Emporium: Competitive Physics (Objee 
ity 


eres | +¢cos 180") or 


mas 


ee | 


mas 
Again, #4 (1 +e con 0%) 
Tran 1 


Adding, 7 = 


Replacing, mas by r1 and rig by rp, were 
1,1 2 rathy DB, 


Tonia i eer ad at 
GMm_GMm_1{ GMm 
mM. (c) We raat rr “5[ Me} 
Gx10?_ Gx 108 
46, (b) ——— « 9 
1,100 
oT iar Wg P 10'bg 
or 1-r= 1000r é * 
or 1001r=1 wr a 
1 + Vee 
or ret km Fi 
1001 i 19 
Gxt, Gxl Gxt, 


46, (d) E gt gi tem 


47 (d) ‘um 0, a’ 10 mar, 'S' = 2m, v=? 


vu a vas 
vP- 0? 2x 10% 2040 or ue VOme! 
In the socond cane, ‘u'= 0, ‘= V40 mst! 
‘a’ = 0.2me" 
40-07 w 2x 0.2xS 


AO x10 
01 ® 
r 5 4 


m or S2100m 


TMs, 


49. 


0. 


y 
fall into 

1 ee and ™ 
th se) it comes 
(sn ireheeffectof 
A yaure of Pig. 21 
sun 1s ignored, we i 

say that the Earth would continue t» 
an’ along 2 strongly extended flat ellipye 
move extreme points are located at the 
wees orbit and at the centre of the Sun, 
the major axis is . 


Now = -(F[a] 


v ff 
2.0 
or Teg or Teo 


Now, time required to fall into the Sun, 


oT. 388 pny 
129" aig" aly” Sans 
So, the Earth would take slightly nore than 
2 months Lo full into the Sun. 
(d) The given system may be regarded as a 
aystem of threo particles located at the three 
vortices of an cquilateral triangle of side 2r. 


Now, Fae Fp 7 
7 2 
aN 
ow 2 2 
Faand Fy are in- 
clined to each 
other at an angle 
of 60°, IF F is tho 4 o 
resultant of Fa ™ w ™ 
and Fy, then Fig. 22 
2 
Fav x oe 
GM 
(b) ay 
gon 
100 
0 
® 


SL. 


m1 
Now, Off Wistta | 
Wz, ————— . 
7" pel arm 1 p00 
=MLO2-1) 6 ed 
An alternative method 
GM * 
aaa 
& Ue 
a R 
D 
2 ete-2- 122% 


(a) u,2 


G4 a 
Mee ye ory, = RAS G0 


or ye uu, oa afe 


or v= 2 Rip edn, 


Replace v, by up. 


2H 
z 


52. (e) Increase in gravitational potential 


53, (d) 


os 6 


GMm _GMmx5 


RR” 6R 
2 GMmf 8), GMm 1 

R R “6 

2 

mg 1 5 hs Re Gh 
2 TEE a emaRegmgh. [Re Ohl 
Uy. SEAty or U,=-Gd 

Gxbx1, 5G 
Uz2 dad 


Fig. 23 , 
5a_G 
wonrdnee[-SF]-FO1=0-5* 6 
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EX CAUTION 

For determining gravitational 
pteanal duc to a ring, UH are not 
to durwetly ane the distance be 
tioeen the oSeervation point and 
the centre of the ring. 


#2134) 


10 


2 : 
e-32 S010, oF s-2, 19°F y 

sUs2s10°% 3 

Work dene =25 1979 y 

(8) Gravitetiona! potential at a point on the 


surface of Earth « _ GH! 
R 


MEarth 
iis is assumedtobe a solid sphere, then 
fravitational potential at the centre of 


Earth «3 GM 
2k 


60. (c) See Fig. 24. 


» u 


Decrease in gravitational Potentiny 


RGM hy 
2" ye} 


Loss in potential energy = Me xm 


Now, gain in kinetic energy = loss in 


tink energy Poten, 
1 1 
3 gMsR or vs \eR 


INogative sign neglected) 


Now, 
mo “OMm 
or ur3 or Wal 
+40 10%x 107 
or W =————__ N= < 2 a, 
10x10" 4x 107 N 


4 
59. (0) my=3 Rp, mg = 3 r(2RMp, distance 


between the centres of two spherical objects, 
r=3R , , 


Fig. 24 
61. (a) Sce Fig. 25, 


cos gor = 22 or r= 


Jd 


of 
Now 
wed 43 GM. 
4 
of ae a 
of 
GMm _ 1 yy? GMim 
nn . 
1.2, GMm _ GMm 
e 2” ="R ro 
of 2 sR % 
11 
2 aa 
7 v’ 20m F aI 
or 
@ 
The resultant ‘of 
these two forces is 
ZGN? 
oR? 
GM? 
Now Pis= "GR? 


Combined resultant 
ofall the forces is 


ar? aR? 
GNP / V2 1 
R|2 4 
Equating this with centripetal force, we get 
aera lay | 


or 


RR 4 
or pte GM 2241 
R 4 


or oo (RE) 


HA. (a) 


PY PO 
prey Ea 1 <1 
2 R ey iaane 


*56kme! 


Lg 

Formula for escape velocity 
Of a body at a height r from the 
centre of the Earth 


or 


SRR” Rea 

eee ee 
TERT R TORR 

7 aR» th= 
oe gt gly of TRe TASTER 
cr ThEQR oor Ae 


a, RK 6300 » 6300 
66. fa) = “yore = 10% Big x 6100 ** 


WATT gms? 


: = 9x9 
GM _. [eR _pa fe 
67. (8) vey “VG =a 
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fe ae toe StH, 
" a 
10° A Va aN th) 
2 QWs \ t) 
A100 x 10 


0! 


GMm 175 
im nen OF — 
OME decten on oF inerenne W) Them 
Tra ae 1 pili 4 Pies ha valid tohere behaves a4 
Rea [aly ah, decrente ; ‘a *Alrated atthe contey, 
Vem pail eh) Mt mu, or vet Teta patent ._——— 
6400» 10" ae aie or Ir nae at , 
90 10x10 ; : Rohe ay an Yael qrdecroanen therefore y increases Ponte ‘on 
‘ pelo’ mete Ths” nc cM 
etelo'me led 1 8 GMm]{ ¢ “Ayn GM 
. 0.8 « 10° m » RO ee —". ym 
68a) Using Kepler's third law, A : 8000 ~ 640 - te) E -| = r nan 
© (8000 ~ 6400; } 
Te ony ( kin » 1000 16. GMm GMm © By sins 
Tr Re 73, (d) Gravitational potential at q dint, i Ee a qieMy 
3 from tho centro of n ‘ Mois thar 
(8Tp (Ra a i | aM . GMm 1-1 GMm ated escape vloity, then 
o —>*|7- [Tas 8Ty the ring = = =~ Ee 2| 7 Esa 1 2% 
Te (Rn Wr of a 2 aT (My Mam 
3 Gravitational poten: " [ _GMm H- GMm 
XR, { Es or ti} 
or [R] = (4)* or te 24 or Raa 4Ry tial at the cen're of Again, ar a ow a ea) 
Ro ee the ring Es GMm _GMm 
GMm ol og GMm . or a 860, GMm _GMn 
69. (c) =e = mt - OM of . (a) Pye 
UR "2 R : site 7 RF a 
: : ; : ad 
or tte SM 10 ep Decrease in gravitational potentig| < or ras Now, mass of complete sphere, Mi=4 sR?p 
2 R Mu 20 GM ergy a 
-|- t}{-] ee [S| 
a een or ve 2 on Yr r or aac ag Mass removed M'a4e/ 2] pat y, 
\ n : a*|2 |" 
GMm _GMm _GMm[. Bes Sisaia 
1 { a ae ed 1 or 3 Force due to hollow sphere F, = Force due 
70. (b) Total energy = 2 mi? Sin r ar r [} a From the earth, solid sphere ~ Force due to removed mass 
fctivin gies AG m. (Fro , 
But mu? _GMm or mp? -oMm Gain in kinetic energy = 5 2 o?-v2 == 2g x2 or vraag = G u la 
r r r , v2 GM Again, from the planet, Fh= - 
7 quating, — =——| 1 - " = 7 =p 
Total energy = mu? mu? x=} mg? aoe whe 2¢R or 4g=2eR or 2g=gR 


TL. (6) dd=d rap 


G4 03 4 
oo =x i aRp or g=<nGRp 
4 4 AGR’p’ x RY 
ania  2x=nGRp=— nGR'p'x _GMm[1_1 
ana a ms 3 3 2p oie er [4 is 
oh eee 1.GMm 
elpyet pe or 2Rp = R%p' or R= 7H * nee (SS) 2 nage 
2 Qo 7 
But p=p' (given) : iG 
: Fy_GMm  36R? 4 Fi 
or as Fig. 27 R’ = VOR = V2 x 6400 km = 8012 km Now, Fin Pied 
78. (a) Two arguments favouring option (a) are 2 
@ = as follows : - 
(i) Gravitational field intensity inside the 
shell is zero. 


75. (a) Total energy = -oin 


Total energy decreases: 
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| IMPORTANT FACTS AND FORMULAE, 


1, Hooke's law. Within clastic limit, the 
stress is directly proportional to strain 
Stress 
* Sra n = Constant 
otrain 
This constant is known as modulus of 
elasticity or coefficient of elasticity. 

2. Young's Modulus of Elasticity. Within 

elastic limit, 1t is the ratio of longitudinal 
Stress to the longitudinal strain. 
It is equal to the force required to extend 
a wire cf unit length and unit cross-sec- 
tional area by unity. In other words, it is 
the force required to double the length of 
4 wire of unit cross- sectional area. 


It is denoted by Y, 


3. Bulk Modulus of Elasticity. Within 


clastic limit, it is the ratio of normal stress 
to volumetric strain. 


176 


5. Poisson's Ratio. It is the rati 


It is-denoted by K. 


4. Modulus of Rigidity. Withj 
limit, it is the ratio of tangentia: 
shear strain, 


It is denoted by n. 


Nn elastic 
I stross tg 


9 Of the 


lateral strain to the longitudinal Strain, 


6. Relation between Y, K, 1 and g, 


Y ss 
m-1 (i) Y = 3K ~ 29) 


2i 
3 
q 


(a= 


(iv) o = 3K= 2 


(i 223842 3 
K 2n+6K" 


Y 


; ues 


1. 


gelected Multiple Choice Questions 


A thick rope of rubber of density 155 10) 
k mand Young's modulus 5 x 19% Nim?, 
gmin length, when hung from the ceiling 
ofa room, the increase in length due to its 
own weight is 

(2) 9.6 x 10m (6) 19.2 10° m 
()9.6em (d) 9.6 mm, 

strain energy per unit volume in a 


Stretched string is 


@ i stressxstrain (6) stress x strain 


(c) (stress x strain)’ —(d) stress/strain. 
There are two wires of same material and 
game length while the diameter of second 
wire is 2 times the diameter of first wire, 
Then the ratio of the extensions produced 
in the wires by applying same load will be 
(1:1 (W221 

(1:2 (dy 4s. 

Amass is hanging on a wire duc to which 
its length increases by’, Then work done 
is 


(a) ; mel (b) mgl 


{c) zero (d) 2 ingl. 


. Two wires of the same material have 


lengths / and 3! and diameters 3d and d. 
What will be the ratio of the forces applied 
if they both have the samé extension Al? 
(a) 1/27 (b) 27 
{e)9 (d) 3. 


. A-steel wire of diameter 2 mm has a 


breaking strength of 4 x 10° N. The 
breaking strength of similar steel wire of 
diameter 1 mm will be 

(a) 0.5 x 10° N (b)1 10°N 

(2x 10°N (d) 4x 10°N. 


A rope, made of steel, has a diametér of 


5 cm. The breaking strength of the rope is 


four alternatives Riven in each 


of the follow- 


4 
st ie N. The breaking stra eth of a 
Imilar rope of double the diametar is 
(a) 240 3 (by he ich 
(trios (Bein 


‘Thé potential energy U between the two 
Molecules a3 a function of the distance x 
between them is shown in Fig. 1. 


Fig.1 
A, Band C are points for which x = 0.8 A, 
12A and 18 A. At A,B and C, force 
between the two molecules respectively is 
(a) attractive. zero, repulsive 
(5) zero, attractive, repulsive 
(c) repulsive, zero, attractive 
(d) zero, repulsive, attractive. 

9, Bulk modulus of water is 2x 10? N m*. 
The change in pressure required to 
increase the density of w i 
(a)2« 10° Nm? (6) 2 10° Nm 
(2x 10°N m? (d)2« 10°N ov? 

10. . Ifa baris made of copper whose coefficient 
of linear expansion is one and a half times 
that of iron, the ratio of the force 
developed in the copper bar to the iran bar 
of identical lengths and cross-sections, 
when heated through the same 
temperature range {Young's modulus for 
copper may be taken to be equal to that of 


iron) is 
(a) 92 abe 
() 9/4 (d) 4/9. 
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A ec 
t volume in terms of lon, 


ll. 


13% 


14. 


15. 


16. 


cut into parts of 


- cc of constant Kis s 
A springofe 2. The spring 


length in the ratio 1 < 
constant of larger one 15 

K K 
ees we 


3K 
a - 


{e) 7 


A beam of metal supported at two ends is 

joaded at the centre. The depression at the 

centre is proportional to ¥ ". The value of 

nis 

(e)1 (b)-1 

(e)2 (d) 4. 

When a certain weight is suspended from 

a long uniform wire, its length increases 

by oneem. Ifthe same weightis suspended 

from another wire of the same material 

and length but having a diameter half of 

the first one, the incresse in length will be 

()2ea 

(4m (d) Sen. 

A nylen rope 2 cm in diameter has # 

breaking strength of 1.5 x 10° N. The 

breaking strength of a similar rope 1 cm 

in diameter is 

(2) 0.375x10°N (b) 2x 10°N 

()6x1EN (d) 9x 10° N. 

On stretching a wire, the elastic energy 

stored per unit volume is [Letters have 

usual meanings.] 7 

Fe 
2a 2 


(c)05ca 


(s' 


wi 


Ina wire stretched by hanging a weight 
from its end, the elastic potential energy 


E 


17. 


18. 


19, 


20. 


‘mporium: Competitive Physics (9 ice 
ibe 


per uni “aan 
strain o and modulus of elasticity yee i 
Yo" Yo 
@)-3- (oF 
ae Yo 
(Clery a>. 


Acylinder of radius ris rigidly fixeg 3 
end. Itis twisted through a certain 
The couple required is Proportional tp 


(ar (8)? 
1 1 
od (d)5. 

() = 2 


A tensile force of 2 x 10°N doubles 
length of a rubber band of cross-sect; 
area 2x 10“ m*. The Young’s modulus 
elasticity of the rubber band is 
(0)4x10"Nm? (6) 2x 10 Nm 
() 10’ Nm (20.5% 10°N m2 
Young’s modulus = 21 x 10" dyne em}, 
is equal to 
(a) 210 G Pa (6) 2100 G Pa 
(c) 21000 G Pa (d) 210000 G Pa. 
A uniform wire, fixed at its upper end, 
hangs vertically and supports a weight at 
its lower end. If its radius is r, its length 
L and the Young’s modulus for the 
material of the wire is E, the extension ig 
1. directly proportional to E 
2. inversely proportional tor, 
3. directly proportional to L 
(a) if 1, 2, 3 are correct (b) if 1, 2 are correct 
(c)if2,3 arecorrect (d) if 1 only is correct 
(e) if3 only is correct. 


a 


% nit etmosP 


‘ons of four wires of th 
ne di given below. In which-otng 
msi ;ncrease in length will be maximum ? 
p 100 cm, Diameter 1 mm 

200 cm, Diameter 2mm 

300 cm, Diameter 3mm 
oe 50 em, Diameter 0.5 mm. 
@ empressibility of wateris4x 10S per 
The heric pressure. The decrease in 
¢ 100 cm? of water under a 
100 atmosphere will be 
(6) 0.025 cm* 
(d) 0.04 cm?, 
;owires of thesame material and length 
put diameters in the ratio 1 : 2 are 
stretched by the same force. The potential 
energy Per unit volume for the two wires 
when stretched will be in the ratio 

(b) 4:1 


(a) 16:1 
(2:1 eipese 


4. Arod of length £ and radius r is joined to 


a rod of length 2 and radius a of same 


material. The free end of small rod is fixed 
toa rigid base. The free end of larger rod 
is given a twist of 0°. The twist angle at 
the joint will be i 


0 o 
(a)5 Or, 


50 80 
(e (d) 3° 


5, Ifthe work done in stretching a wire by1 


mm is 2 J, the work necessary for 
stretching another wire of same material 
but with double radius of cross-section 
and half the length by 1 mmis 


(b) 443 
(d) 16 J. 


iy 
(aid 
(8d 


6. Two wires of the same material and same 


mass are stretched by the same force. 
- 


he correct choice among the following 


@ 
19 
es sdthnas.. 


uestions for Self Assessment 


i. Q 
praicale i 


: options (a), (b), (c) and (d). 
Their lengths are in the ratio 2: 3. Their 
elongations are in the ratio 
(0)3:2 2:3 
(4:9 9:4. 

LA wire extends by 1 mm when a force is 
applied. Double the force is applied to 
another wire of same material and length 
but half the radius of cross-section. The 
elongation of the wire in mm will be 
(a)8 (b)4 
(2 (a1. 

8. A helical spring extends 40 mm whea 
Stretched by a force of 10 N, and for 
tensions up to this value the extension is 
Proportional to the stretching force. Two 
such springsarejoined end-to-end and the 
double-length spring is stretched 40 mm 
beyond its natural length. The total strain 
energy, ind, stored in the double spring is 


(a) 0.05 (b)0.10 
(c) 0.20 (d)0.40 
(e) 0.60. 


9. The diameter of a brass wire is 0.6 mm 
and Y is 9x 10!°N m7. The force which 
will increase its length by 0.2% is about 
(a) 100 N (b)51N 
()25N (c) None of these. 

10. Forces of 100 N each are applied in 
oppositedirections on the upper and lower 


Fig. 2 Pa 
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13. 


14. 


. 16 


16. 


faces of a cube of side 20 cm Tho upper 
face is shifted parallel to itself by 0.25 em. 
Ifthe side ofthe cube were 10m, then the 
displacement would be 

(a) O.25em (6) 0.5 cm 


1) O75em td) Lem, 


. Two wires of the same material have 


lengths inthe ratio 1: 2and their radii are 
inthe ratio 1: \2 . Ifthey are stretched by 
apply’ sequal forces, the increase in their 
lengths will be in the ratio 

(a) 2:2 (b) 2:52 
fe) 11 > 
Awire(Y = 2x 10!! N m7) has length 1 
m and cross-sectional area 1 mm*. The 


work required to increase the length by 2. 


mm is 
(a) 04d (bad 
(c) 40d (d) 400 J. 


A piece of copper wire has twice the radius 
of a piece of steel wire. The Young's 
modulus for steel is twice that for the 
copper. One end of the copper wire is 
joined to one end of the stecl Wire so that. 
both can be subjected to the same 
longitudinal force. By what fraction of its 
length will the steel have stretched when’ 
the length of the copper has increased by 


1%? 


(a) 1% (b) 2%, 
(ce) 2.5% (d) 3%, 
For agiven material, the Young's modulus 


is 2.4 times thal of modulus of rigidity. Its 
Poisson's ratio is 

(2)0.1 (0.2 

(c) 0.3 (d) 0.4. 


A 1 m long wire is stretched without 
at 30°C between two rigid 
What strain will be produced in 
the temperature falls to 0°C ? 
12 «107° 7) 


(a) 36x 10% (b) 64x 10% 
(e) 0.78 (d)0,32, 
If3 x 1073 


J of work is done in stretchi 
2 in 
a wire through 1 mm, the work done in 
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17. 


18. 


19. 


20. 


21, 


22, 


stretching it through 3 mm ig 
(aygx 10d (b)8x 1O9y 
(0) 27x 10° (d) Data incompleig 
Acylindrical tree has a breaking sty, ° 
10° N m7. The maximum POSSI ble hes ot 


of the tree is 5 m. The density of mateett 
of the tree is (Take g = 10 m 5-2) Tia) 
(a) 107 kg (0) 10" kg m= 

(c) 2 10" kg in™ (d) 1 kgm, 

A force F is required to break 2 Wite 
length ¢ and radius r. What force of 
required to brenk a wire, of the »° 
material, having twice the length and 5, 
times the radius ? Ix 
(a) F (b)3F ‘ 
(c) 9F (1) 36 F, 


Asteel ring of radius rand CFOSS-Sectionay 
arca ‘A’ is fitted on to a wooden dise o 
radius R (R >). If Young’s modulus bo E 
then the force with which the steel] rip, 


; Bis 
expanded is s 


@ab® wae 3) 
r r 
E(R-r Er 
5 r } Oa 


A copper bar of length L and area of 
cross-section A is placed in a chamber at 
atmospheric pressure. If the chamber js 
evacuated, the percentage change in its 
volume will be (compressibility of copper 


is 8x 107? m?N-' and 1 atm = 10° Nm . 


(a) 8x 107 (b) Bx 10° 

(c) 1.25 x 104 + (d) 1.25 x 10°, 

An clastic material of Young's modulus Y 
is subjected to o stress S. The clastic 


energy stored per unit volume of the 
material is os 


SY s? 
(a) a: 
2 (oy 
s 
(oY ; (d) 8 : 


Awireis suspended vertically froma rigid 
support. When loaded with a steel weight 
in air, the wire extends by 16 cm. When 


33. 


ea 


25. 


2 


28, 


£ 
» 
uv? vor 
g eight is completely Immersed jn id 


wi aus 
the “ine extension is reduced to 1 1 
inter ; ‘scm. (a) 
be relative density of the Material ofthe a th) a pe 
ere 1 
woisht (6 gem? gam ta mm. 
ween ()16 gem 2. Ing. 
sce Bom, é 28, the work done in the two wires 
oe preaking stress fora substance is 19% tad 
Tre Ber what length of the wire of this oats thi0254.05 
N patance should be suspended vertically 003.0255 asos,09. 
suUnat the wire breaks’ under its ow, 3% TwobarsAand Bot 
wo tho! : ipa n ind B nf circular cross-section 
3 ght 2 (Given : lensity of material of and of same volume and made ofthe same 
the wire = 4x 10° kg m™ andg= 10ms*) ihe are subjected to tension. If the 
ae (0) 15 m rele of A is half that of B and if the 
( ne (d)34m. orce applied to bath the rods is the same 
a2 and it is in the clastic limit, the ratio of 


vire hangs vertically with its 

Jong wire hangs vert ly itsupper 
aa clamped. A torque of 8 N m applied to 
the free end twists it through 45°. The 
potential energy of the twisted wire is 
(ayn joule » (6)F joule 
(ed Fjoule (a) joule. 

Two wires of he same material and radius 
put having lengths in the ratio of 1: 2 are 
stretched with the same force. The ratioof 
the work done in two cases is 

(e) 1:2 (b) 2:1 


(1:3 ¢ (d) 138 


When a rubber cord is: stretched, the © 


change in volume with respect to change 
in its lincar dimensions is negligible. The 
Poisson's ratio for rubber is 

(a) 1 (b) 0.25 

(c) 0.5 (d) 0.75, 

A wire whose cross-section is 4 mm? is 
stretched by 0.1 mm by a certain weight. 
How far will a wire of the same material 
and length stretch if its cross-sectional 
area is 8 mm? and the same weight is 
attached ? 

(a) 0.1 mm (b) 0.05 mm 

(c) 0.025 mm (d) 0.012 mm." 
Awire is stretched 1 mm by a force of 1 KN. 
How far would a wire of the same material 
and length but of four times that diameter 
be stretched by the same force ? 


extension of A to that of B will be 


(a) 16 (b)5 
(4 (dv2. 


A ball falling in a lake of depth 200 m 
shows.a decrease of 0.1% in its volume at 
the bottom. The bulk modulus of 
elasticity of the material of the ball is 
(Take g = 10 ms**) 
(a)10°N m? 


(3x 10°N m? 


31. 


(8)2« 10°N m? 
(d)4x10°Nm™ 


32, The ratio of the adiabatic to isothermal 
. _ Clasticities of a triatomic gas is 

(a) ay (b) 43 

(1 (d) 528. 


33. Auniformrod suffersa longitudinal strain 
of 2 x 10%. The Poisson's ratio of the 
material of the rod is 0.50. The percentage 


change in volume is 


(a) zero (b) 0.1 
()0.2 (d) 0.6, 
34. A uniform cylindrical wire is subjected to 


a longitudinal tensilestress of5 x10" Nm. _ 
The Young's modulus of the material of 
the wire is 2x 10"! N m™. The volume 
changein the wire is 0.02%. The fractional 
change in the radius is 

(a) - 0.25 x 107 (b)0.5x 104 

(c) 1.0% 107 (d).1.5 104, 


A steel wire has length 2 m, radius 1 mm 
and Y =2x10"'N mA lke sphere is 
attached to one end of the wire and 


35. 
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36. 


37. 


38. 


whirled ina vertical cirelewith an angular 
velocity of 2 revolutions per second, When 
the sphere is at the lowest point of the 
vertical circle, the clongation of the wire 
is nearly [Take g = 10m s7j 

(a) | mm (6) 2mm 

(c) 0.1 mm (d) 0.01 mm. 

The length of an elastic string is ‘a’ metre 
when the tension is 4 N, and ‘b' metre 
when the tension is 5 N. The length in 
metre when the tension is 9 N is 

(a) Sb - 40 (b) 4a - 5 

(clash (d)b-a. 

A copper wire 2m long is stretched by 
1mm. Ifthe energy stored in the stretched 
wireis converted to heat, calculate the rise 
in temperature of the wire. (Given : Y= 12 
x 10!! dyne cm”, density of copper = 9 g 
em™ and specific heat of copper = 0.1 cal 
et °C “ly 
(o) 252°C 
() 1000°C 


(b) (172527C 
(d) 2000°C 


A steel wire is suspended vertically from 
a rigid support. When loaded with a 
weight in air, it extends by /, When the 
weight is completely immersed in water, 
the extension is reduced to /,,. Then the 
relative density of the material of the 
weight is 


fo 
oe 
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39. 


40. 


41. 


(c) 


D 


A material has normal density p and b 
modulus K. The increase in the donajie 
the material when it is subjected Y ot 
external pressure P from all sides ig 

(a) PipK (b) KpP- 

(ce) pP/K (d) pp. 

When the ténsion in a metal wire ist, ; 
length is 1). When the tension jg 7"! 


length is l2. The natural length of Tay ity 


f Wire iy 


T 
Or (y+) (Ty + Ty, 

4-427) 4 Tz + 1oT, 
OCA Ty @ T2+T, 


Two blocks of masses 1 kg and 2 kg a 
connected by a metal wire Boing over g 
smooth pulley as 
shown. The breaking 
stress of the metal is 


x 10° Nm? Ifg= 
10 m s™, then what 
should be the 
minimum radius of ° Thy 
the wire used if it is 
not to break ? 2kg 
(a)05mm  —-—(b)1mm_— Fig.) 
(c) 1.5mm (d) 2mm. 
~ 


4 


a 


p* 
Mg 


YOA 
‘ @) 


,/2-_ Alpgh _ ALY 
ee ee 
8x8x1.5% 10x10 
. ax5x10e° = ™ 
= 9.6% 107% m 
purpose of calculation of M, the 
re of the geometrical length L is to be 


consi . 

@ Work done per unit volume 
ra ' 
Al F 
172 stress x strain 


1 
'p,Yandl are same ; ALe 


) Work done = Average force x Extension 


+e et0,_1 
ry = 
=o t=) mal. 


Fi_(aD)(3t)_27 
"Bl pl epo i 
6. (b) Breaking strength is proportional to 
square of diameter. 


1. (d) Diameter doubled, cross-sectional area 
quadrupled ; Breaking: strength =< 


Cross-sectional area. 


UF In this problem, the term ‘break- 
ing strength' has been usedin the sense 
of ‘fores’. : 
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Answers/Explanations = 
—_ 


ted Multiple Choice Questions 


8. (0) ALA, PE. is 
repulsive. AtC, 
Altractive. 


Positive. So, force is 
is negative. So, force is 
ALB, slope of graph is zero, 


Pe 


(c} The density wouldincrease by0.1%ifthe 
Volume decreases by 0.1%. 


Fl_(F\t_Ki 
ll. @ Y=—=|5|+-™. y= : 
@y aa*(u)e" a > Ki = constant ; 


Kx3=K » 3K 

x3=K'x2 or Ks 2 

wi 

12, (b) y= ——— 
of 12 


1 
Yat 


-fl wks 
18. (€) Y=oj or Meo; 


A Di? 
atl 24 or A= 4iy=4em 


1 
aes 


ah p? 
14, (a) Breaking strength 


= Breaking stress x] 


Breaking stress is unchanged. 
Dis halved. So, breaking strength becomes 


one-fourthie. = 15% 10°N 
or 0.375 x 10° N. 


ree | * 
16. (a) Energy density = x stress x strain 


1 Fal Fal 
=o*a* T = 
ale 7 
16. (a) Energy density Bp xstress x strain 


xy = SEES or stress = Yo 
o 
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. 2 
Energy density =} Yox a= 12 


4 
17 (a) t= 9 tart 


1B. (c) Strain 


2x10°N 


oi Y = stress = ——— 
2x 107 m’ 


it.| Questions for Self Assessment 


_Fla_ Fl x 
Le @) Yeoh e chy or ales 


100 


200 
—==100 —e 
3s 0) 7 = 50 
() 33.39 50 


2 (a) K=—-4P_ 4, 1_ ave 


= 4x 105 x 100 x 100 cm? 
=4x%107 cm? =0.4 em? 


3. (a) Energy density = 4 stress x strain 


1 stress _ (stress)? 
=> stress x Sess _ (stress)? | 


2 Y" ay “pf 
Dp! 
Now, — “A-—B-_ poi 2g 
B Dg 
4 
4 mm 
: an oon - ie 
4. (d) OD (0-0')= 272) 


0 


32 10’Nm? 


9 (a) 21x 10!" dyne cm? 


Emporium: Competitive Physicg (Ob; 
Veer; 


= 21x10! 10° N (19-2), 


2 
= 21x10" Nm? 
= 210x107 Nm = 210 Gp, 
20, (e) B= or gu= Fl 
tr’ AL wR 
Clearly, AL « L, 
or o-o=£ 
or 80~-80'=0 
or 90° = 81) 
ow yet 
5. @) W=2Pal 
1 Yura 
We5x a ye 
ney 
Yar2al? 
or We a ; F ‘ety 
, fi 
or Wael Whee Ba 
w - 
ws or W=8x2J= 1gy 
6, (c) m=alp 
m and p are constants. 
Si 28 
a iy 2 - 
Now, ¥=FL or wet 
Oh ag 22 ah 4 
al Ma, 3%3 % 29 
Fi Loe 
1. =— el 
(a) Y cal or Al 2 
2 1 
or LR 
1 Fo ,2 
r bald 2 
oO m x2x2=8 
or dlp = 8) = 8x 1 mm=8mm 


i constant of combination 
rin 

50" 280 yy ml = 125 Ne} 
ier’) 


1 
Al = 
or 7 


ved, then 4! is doubled. 


ictis hal 
yeh o ase 
we = Par my 
i 2 or Al’ 
we ke 
ana" W2r? ro] 
al 
Ha 
. wv 
: 1 
2. (a) Work done = 5 Fal 
1Yaar y= FL 
Ca a el 
gx 10x 10% @x 10? | Yaw! 
= 2x1 od 
24x107J=040 
b) Et et 
13. ( ry 
y, 
ate 
[ row You . "#2 22 
wy, FY 
al Al 
(T(7], 
0 
, y 24n 
4, => = 
© 1=Fse) "7 RIe0), 
or l+o0=1,2 or o=0:2 
16 (a) Strain = Hf = 104 ay 


= 12x 10% x 30 236 x 10° 


19. 


(c) we ar 
Since 
fore, 


{is increas 
* Work is in 


ed 
eee, fu factor of, there. 


a factor of 9, 


10° =f, 


imax XR 
10° = oF 
5xpx10 of 02 em 
or P= 2% 10! kp med 
(d) Breakin 
B force d 
length, oes not depend upon 


Breaking force = Breaking-stress 


x Area of cross-section 


Fora given material, breaking stressis con- 


Stant. 


+. Breaking force c Area of cross-section 


or Fy 36F,=36F 
(8) Change in length of ring = 2nR —2nr 
R-r 


2nR-2nr _R-r 


Longitudinal strain = = : 


or pe EAR) 
Fr 


1_AWV av of 
20, (b) = Boor ap =; 


K™ AP 


or 82 5 100 = 1058 107 100 , 


=8x10° 


|. (b) Energy per unit volume 


= be stress x strain 
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22. (e) Yeo 


24. 


26. 


27. 


1 alross  Mrenk 
wg SBlrese ne 


¥ * strain 


Ft 


, Canda are constants 
. Peal 

In the first case, Vag ~ 16 

In the second case, 

(Wag - Vax lxg)e 1d 


og Melo Les ed 
Dividing, Vap "i6"8 

pal 7 <p. 
or pte OF S-IHK8 
or p=8Sgem™ 


laximum weight 


lel Breaking stress = area of cross-section 


108 = 2108 « ing 
6 6 
ee pt a ges 


n . 
(a) WelwadxsxZanjoule. 


180° corresponds ton radian. 


(a) W= Bt [Refer to Synopsis) 


Y,aand es are constants. 

= Wel 

(ce) Vert 
AV _AGw7l) 9. AV _ Pals Orlar 
VO wt v At 
AV_ AL. 2hr 


vOrts 


) y= 
a 


Y, F and / aré constants. 


Emporium: Competitive Physica (Obecting 


Yo 
“ Ni" i "2 
0.1 
ae a= Mt =p Mm = 0.05 mm 
a8. (d) yest 


Y, Land F are constants, 


29, 
W,_ Dy 
ata = 16 
W2 D,? w(l) 
Now, Wi =ix 10° x 1x ie: 
1 
W2= 3x 103 x 20— Te 73g = 00031259 
i; 1 0.5 
Again. WW, = ooaiz5 ~ 16 (2) 
Answer is confirmed by comparing (1) and 
(2). 
30. (a) 


Vv 


Now, Ve=al or l=— 
a 


ny : 
# AV = hp = 200 10" 108 my 
iy ) 227 10°N m7? 
AP. 2% 108 
Ke av OL 
vo 100 
2x10 


non-linear 


or triatomie 


4 
molecule, YF3 


Lateral strain 


! ' io, 6 = ——————— i 
Poisson's ratio, o Longitudinal strain 


33. (a) 
oD 


cele 
eb 


op eax At 05x 2107 = 109 


Yolume of rod, Venr-L 

V+ AV =nlr— Ary (L4 AL) 
or V+ AV = (nr? + Ar? - 2nrdr)(L + OL) 
Neglecting Ar? and Ar AL, we get 

V4 bV = nL nr dr +e aL 
or AV = nr? AL = 2nrL ar 


or 


187 
or 
or 
or : 
~25x104 
si Fate wt 28 gt 
=-0.25% 197 
38. (a) ya Rt mba? 
rat 
or ae Mee boty 
ay 
er Abe 1MO+ 2 45? cate 
R(1* 10x 2x10 
= Al = 120+ 64x 9.8817 
2x 22x11 
= 4866.24 
: a 1? mn = 1mm 
36. (a) 4=(o-) Al) 
5 (6-0 (2) 
9«(L-1) ~(3) 
Dividing (1) by (2), we get 
4cacl 
5 b-l 
or = 4b~41=5a-5l or |=5a-4b 
Again, dividing (1) by (3), 
f.gct or 4L-41 39a -S 
or =4L=90-5! or 4L=9a-5(5a-4t 


or 4L = 9a ~ 25a + 206 
or 4L=206-16aor L=5b-4a 


37, (0) E= 


But m= 
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recto! x 107 < 107 
1a tol «107 107 x10 
2x 2x 2x 9% 10% 4.20.1 «10? 

12x18 

T2x42x10° 2 


38. (a) If V is the volume of load and p its 
relative density 


or U= 


sg 


52 


FL Vogl. 2AM)” 


"Al Al 
When the load is immersed in liquid, 
-v 
y= Moe-Vxlxol i) 


w 


Equating, 


to tw 


or p(ly-)=-l, or p= 


7 39. (c) 
or 
or 
\Using Binomial Theorem 
or Sore or ay Poo 
Again, xe 2 =p or p’-p es 


But AP = P(given) 
ace 
“Prk 


Fl 
40. (c) tal 


Y./ anda are constants 


E =constant or Alex F 


Now, Uy-fe Ty and byte 7, 
Dividing, both 
"Il Tz 
or 1yT2- T2127, - IT, 
or U(Ty-T2) 247-472 
pebtehte | y bt ety 


mT 12-T, 
2mym 2x 1x2 40. 
41. (b) Lior =. “ONES y 
Ifris the minimum radius, then’ 
40 
breaking stress 73 or fenton 
‘ 1. 1 
or Pes or r=— 
10° “" 
‘ 1 ag! 
or rasa mm=lmm 


aa density of a body 


\ pelati Weight of body in air 
eight of body in water 


* Toss of w 
2 Upthrust 
Weight of body in air ‘ 
= Weight of equal volume of water 


Density of bod! 
= Density of water 


- Consider a Piece of ice which floats in 


water. When the ice melts completely, the 
level of water remains unchanged. 
Consider 4 piece of ice which floats in a 
liquid whose density is greater than that 
of water. When the iec melts completely, 
the level of liquid + water) rises. 


4. Consider a piece of ice which floats in a 


liquid whose density is less than that of 


* water. When the ice melts completely, the 


level of (liquid + water) falls. 


—— — 
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ing questions: 


= The spring balance A reads 2 kg fora body 


of mass M suspended from it. A balance B 
reads § kg when a beaker with liquid is 
put on the pan of the balance. The two 
balances are now shown in the Fig, 1. In 
this position, * 


Fig. 1 


(a) the balance A will read more than 2kg 
(6) the balance B will read less than 5 kg 
{e) the balance A and B will read 2 kg and 
5 kg respectively 
(d) the balance A will read less than 2 kg 
and the balance B will read more than 
5 kg. 
A U-tube of uniform cross-section is 
Partially filled with liquid I. Another 
liquid II which docs not mix with liquid I 
is poured into one 
side. It is observed 
that the liquid 
levels in the two 
sides of the tube are 
the same. while the 
level of quid [has 
risen by 2em. Ifthe 
specific gravity of 
liquid I is 1.1, then 
the specific gravity 


of liquid I must be Fig. 2 
(a) 1,0 * (V1.1 
(e105 tdy'1.12, 


Emporium: Competitive Physion (Oly 


it Selected Multiple Choice Questions 


Choose the correct answer from the four alternatives given in each SF the fon, 


3 


04) 


A wooden cylinder Moats in wa 
half of its volume inside Water 
density of wood is / “Th 
(a) 125 kg m~ (8) 0.8 kg m- 

(c) 500 kg mr (d) 800 kg 3, 

A cylindrical vessel containing 9 liguig 

closed by a smoath piston of mass mat 

is the cross-sectional area of the nig 

and Po ts the atmospheric pressu; és 
the pressure of the liquid just 
piston is 


oF wig 


n 
Te, the, 
low the 


(a) Py (0) Py + FY 


(078 (d) Data is net sufi 
In a hydraulic lift, the surface area OF the 
input piston is 10 em”. The surface are 
of the output piston is 3000 cm? A 100K 
force applied to the input piston Taises the 
-output piston by.1 m. The work done is 
(a) 15 kd (b) 30 kd 

(c) 45 kd (d) 60 kil. 


» A common hydrometer reads Specific 


The liquids shown 


gravily of liquids. Compared to 1.6 on the 

stem, the mark 1.5 will be 

(a) upward (b) downward 

(c) in the same place “ 

(d) may be upward or downward depending 
upon the hydrometer. 


in the U-tube of 
uniform. ~ cross- 
section are water 
and mercury. Ifthe 
difference of the 
heights of the 
mercury columns is 
2 cm, then the 
height A of the 
water column is 


Fig.3 


(6) 13.6 em 
(d) 54 cm, 


is s of water. What is the ener, 
moder twater at the bottom of ake 
den ? 
deep 
Lear” (b) + othpg) 
rgacane? 2 ore 
1 Ags (ay M08 
(oa 


body weighs 160 gin air, 130g in water 
9 and 136g in oil. The specific gravity of oj] 


is 


10. 


IL 


191 
(ajo 
re 
ele 10 mbelow the surface of water 
Hele rr. 
thea ie Pressure expenenced by 
tales 
fa) 19% Pa (6)2 410 Pa 
(3x 10 py (d) 4 «10 Ps. 
Density of mer j 
; cury = 13.6 g em, 
density of a liquid = 1.36 g om, If the 
height of mercury barometer is 76 cm, 
then the height of the liquid barometer is 
(a 76em (7.6em 
(2) 760 em (d) 760 metre. 
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nator ec hubble rises from the bottom 
Vhe 


w Questions for Self Assessment 


Indicate the cornet choice among the following options (a), (0), (0) and (d), 


Apres ofaotd weighs 1d guar, SoeIN AS A sphere of wn (relative deng 


soluime ® 18 em h NY's Og 
water and 60 ¢ in a hgund. Then the ne we Ut Monts og ge nai 
relative density of the sold, and that of completely immersed, The masg ‘ jug 
Inguad ane nauls into it is ity 
aS? wed wage WSR 
° 3 oaig (2) 3.6 g, 
3,5 Was 


5, A0.5 ky block of brass (density ; Bxy 
kg m7) is suspended from aq Ae) 
What is the tension in the String ityt 
block is comp.etely Immersed in wats 
(g=10ms r 


ee Vessel: 


rea EQ 


8 
J volumes ofa hquid 


we Vessels. Th 


© force 


ta) 5N 


Ss 
ir 


6. A cubical box of wood of side 39 
weighing 21.6 kg Moats on water wi 


faces horizontal. The depth inva 
of the box is 

iadlzem (8) 24m 

ie Sem (2) 30 em, 


TZ Acubical block of wood of specific Bravity 
0.5 and chunk of concrete of specige 
gravity 2.5 are fastened together, The 
ratio ef the mass of wood to the mass of 
concrete which makes the combination to 
Moat with us entire volume submerged 


under water is 
2 4 
)= (yt 
ls 5 


8 
7 


S.A piece of brass (Cu and Zn) weighs 129¢ 
in air, When completely immersed in 
water, it weighs*11.3 g. The relative 
densities of Cu and Zn are 8.9 and 7.1 


respectively, The mass of copper in the 
alloy is 


(e465 


(8) 5.6 
WI76_ 


(d) 8.6 g. 


’. ‘ Inke t0 the surface, its radius doubles, 
0 


Cross-section 100 em? 


Water is pou 

A int 7 18 poured 

of gmospherie Pressure is equal to that athe yer Girg : 
he 


toa depth of 160) 
A aber i on 
ae ofwater ofheightHl The depth Te — battomafthe vessel as shownin 
ae ke ts : (a) Th Euee = Wms? Now, 
a hes a hit fees, 
a wa telomeres oe eae? aca the 
1 mf the vessel ig 100 8 
( (a : 
et 


(by The merght of water 


(6) Both ta) an 
Kae avard 


tthe mate Ww LON 


(bV are correct 
(4) Neither ia) ori) ss 


13. An open U-tube of un) 


rect 


glume of the cavity is 
yo 


iMform cross-sectior 
iter ces meFeUTY, When 27 2¢m cfwater 
va) 009 cn : dite 3S Poured into one limb, then the 
gem" (d) lem. 3 erence in levels of liquids of two sides 
( bical block of wood 10 cm on a side 
JA ee at the interface between oil and {a)24em 05cm 
fait ‘asin Fig.6, with its lower face 2em (c)232em (lem 
Waeecthe interface. The density ofthe oil Ms In Fig. 8, biock A 
aa 6 em™. The mass of the block is hangs by 2 cord mmc 
be from spnng \ 
balance D and is 
submerged in a {\> 
liquid C contained ¢ 


in a beaker B. The ; 
mass of the beaker 

8 
is Lkg. The mass of Qo) 


the liquid is 1.5 kg 


Balance Dreads ae 
Water 25 kg and balance BA ia 
E reads 7.5 kg. The 


ss 
volume of block Ais = 
0,003 m?. The mass Fu.8 


(a 3405 (b) G80 g Per unit volume of the liquid is 
ia 80g (dg. (2) 2500 kg mv? aWkges 
¥ 2 : 3000 
12. A tube 1 cm’ in cross-scetion is attached te) Ukg im wih ks mn 
to the top of a vessel 1 em high and of 


13. A mercury barometer reads 75 cm in 
vertical position. If the'tube is inclined by 
60" to the vertical, the length of the 
mercury inthe tube will be 
(a) 37.3an (d175 em 
te San td) Liem 

16. Thesurface areaofa bubdl increases four 
times when it ms m to the top 
of a water tank, If the atmespherie 
pressure Is 10 metre of water columa, then 
the depth of water in the tank ts 
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(a) 30m (b) 40m 
() 70m (a) 80m 


17. Awooden rod of uniform cross-section and 
of length 120 cm is hinged at the bottom 
of the tank which is filled with water toa 
height of 40 cm. In the equilibrium 
position, the rod makes an angle of 60° 
with the vertical. The centre of buoyancy 
is located on the rod at a distance (from 


the hinge) of 
(a) 0 cm (hb) 40 cm 
(e160 em (d) 75 em, 


18, A body weighs 150g in air, 120 gin water 
and 130g ina liquid. The density of liquid 


in gem™ 1s 
2 3 4 
(a; (b) 3 
13 15 
(a5 (db 3° 


19. An ice cube containing a piece of lead 
floats in water. What would be the effect 


on the level of water if the ice cube melts? ~ 


(a) It would fall (6) It would rise 
(c) It would remain the saine 
(d) It would rise very high. 


20. Fig. 9 here shows the vertical 


cross-section ofa vessel filled with aliquid 
of density p. The normal thrust per unit 
arca on the walls of the vessel at point P, 
as shown, will be 


Fig. 9 
(aan (0) Hog 
(HH Age (A) {H = hd ys cos 9. 
21." A concrete sphere of radius R hos a cavity 
of radius r whi is packed with saw-dust. 


Emporium: Competitive Physics (Objectiy .) 
Ie 


24. 


25. 


26. 


.1.2 x 10 g cm”, then the Percentage 


-actional error arises from 
ithe buoyancy of air in weighing 


‘The specific gravities of concrete ang an ~3 
tect! tof density 3.4 gem™ on a beam 
‘ec 


dust are 24 and 0,3 respectively, The cl 
sphere floats with its entire Volume 
submerged under water. The Tati Of mags 
of. concrete and the mass of saw dustig ie® ] 2 
(a)2 (b)3 ig 2® 
(4 (2) 6, 


» (b) 2x 10% 
(d) 2x 104, 


. Asmall ball of density p is immersed ing 


liquid of density a (> p) to a depth 4 and 
released. The height above the surface of 
water upto which the ball will jump ig 


wo($-1]a w(-1)s 
p 6 


(2+) wa(§ +2) : _ . 


. A bowl! of soup rests on a table‘in the 


dining car of a train. If the acceleration of 
the train is . in the forward direction, 


what angle does the surface of the soup 
make with the horizontal ? : 


fb =f 1 s 
(a) tan’ [2] (6) tan [3] 


afd =f 1 
{c) tan’ [2] (d) tan’ [3]. 


A hollow cylinder of mass m made heavy 
atits bottom is floating vertically in water, 
It is tilted from its vertical position 
through an angle 0 and is left, The 
restoring force acting on it is 


(a) mg cos 0 (b) 7 
. cos 0 
»| al. 
come et a7 ‘| mel aos 1]. q 


An object of density 12 g em™ is weighed 
with brass weights of density 8 gcm~ by 
a physical balance. If the density of air is 


error in weighing is = 

(a) 0.005% (6) 0.001% ' 
(c) 0.05% (d) 0.01%, 

Assume the density of brass weights tobe 

8gcm™ and that ofairto be 0.0012 gem. 


195 


27. Ahollon Spherical tron shell ficats almost 
Geely subrmetzed in water ean 
aoe is 58.7em and the density of iron 
_ ER Cm, What is the Approximate 
Mner diameter of the shell? 

(0) 56 em 
(0575 em 


(6) 57cm 
(4) 58cm. 
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1. | Selected Multiple Choice Questions 


Pp 


=== Answers/Explanations ————— 


(d) The body would lose weight due to 
upthrust. So, the balance A would read less 
than 2 kg. 


While the liquid exerts upthrust on the 
body, the body would exert a downthrust on 
the liquid. So. B would read more than 5 kg. 


(8) The weight of liquid I] added must be 
same as that of 2 cm of liquid I, which is 
possible only if both have the same 
densities. 


j 
. (e) Vg = ¥ x'1000 xg or p=500kgm~ 


(b) Since:the piston is in equilibrium, 
PA=PoA+ mg or P=Po+ 7 


(6) Same pressure is transmitted to the 
output piston [Pascal's law] 
-F__ 100 
10 


3000 ~ 
Work done = 30 kN x 1 m=30 kJ 
(a) If specific gravity of liquid is less, then 
more volume of liquid is required to be 
displaced. This is possible if a greater 
Portion of hydrometer is in the liquid. 


or F=30,000N 


i. | Questions for Self Assessment 


120 


( i i => = 
ic) Relative density of solid 120-80 3 


Relative density of liquid 


ximum height of liquid column in C. 


(a) Mess of liquid in horizontal portion of 
Untuhe = Adp 


Pseudo force on this mass = Adpa 


Force due to pressure difference in the two 
limbs = (Aypg ~ hapy)A 


Equating, (fy —/g) pg = Adpa 


2 
a (ce) hx 1000 x & = 796 * 13600 xg 


10. 


Emporium: Competitive 


Physica (Oy, 


Cet 


he rae 
(a) Energy density, u = 3 Stress x Straig 
or ous J stress x Balk mehay 
or w= 4x compressibility x (stresy? 


(d) Specific gravity of oil 


_ Loss of weight in oi] 
~ Loss of weight in Water 


160 - 136 


(6) 1 atmosphere = 105 Pa 
Also, p=hpg 

= 10x 1000 x 10 Pa = 105 py 
So, total pressure is nearly 2x 10° pa 
(c) hx 1.36 xg = 76 x 13.6x¢ 


a »_ 16x 13.6 
or We 136 ™ = 760 cm 


hy - hy = Ado 
or 1A pa 
(6) Upthrust = 18 ¢f 
Weight of wax = 18 x 0.9 gf = 16.2 gf 
Weight of iron nails = (18 ~ 16,2) gf = 18¢f 


038 
8x 10 
Volume of displaced water = 0? m? 


m 
8x10 


(d) Volume of block = 


Weight of displaced water 


' _ 05 2 
Dx qgi* 10° x 10N = 


qual to upward buoyant force 
e 


ow Time-saving tip 

o less than that of 
density of water is 

Thee by a factor of 8. So, the weight of 

sate mount of water of volume equal to 

a of the brass will be less than the 

yar of the brass by the same factor. 

wel 


So, weight of displaced water is 7 N. 


) Ih be the depth of immersion, then 


6 wipe a0x 104 XA x IO xg = 216g 
21.6 |, _ 2160 re 
ae hogy ™* ‘5p mor A 24cm 


)Letm,, and m, be the masses of wood and 
oF onerelC respectively. Then, (my + meg 
C 


mo Me eax 
-[ te. Fe . 
CN (PRA Sie 
or mol 1a |r 25 1| 
| My 15 05 8 
or Te = 25°05 5 


8. (c) Loss of weight = (12.9 - 11.3) gf= L6gf 
Weight of water displaced = 1.6 gf 
Ifm is the mass of Cu, then 


or 7.1m + 12.9% 8.9— 8.9m = 1.6%*8.9x7.1 
or 1.8m =114.8- 101.1 
or m= 7.6 gram 

9. (b) PV, =P2V2 


Pyx$ aR? =H x4 nial? or Py=8H 


So, depth of lake = (BH — H) = 7H 
10. (b) Weight of water displaced by steel block 
. = Loss of weight of block in water 

= (234 - 197) gf =37 gf 


ve 
Clue of water Ciplaced 237 em? 


(oa 
. 78° = Wem 
slut of evity «(37 —20)em ogg 
1. o 6110042516 10) 28x 061g 
“m= (200 6450) g 2 cag 
12 (¢) Peldem»t gem 160m et 
=10° dyne emt? 
F210 £100 dyne = 1008 
Again, V = 199 em? 


Weight = 199 x 1+ 1000 dyne = 1.995, 


(ec) Considering the horizontal level AB, 
221 a4 = he 196 xg oh 


13, 


zl 


Fig. 10 
Difference in levels 
=(27.2-2% 1) em = 25.2 em 


M4. (d) 7.5g =1g +4 1.5¢ + Downward reaction 
force of block 


or 5g =| Downward reaction force | 
= | Upthrust | = 0.003 p,¢ 


“15. (d) 


CFP The vertical height of mercury 
level ina barometer does not change. 
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Fag th 
face arca increases four times. So, 
radius is doubled and volume becomes § 
times [f initial volume is V, then final 
volume is SV. Using PV = constant, we get 


WxeSV=lO+ AV or A=70m 


Emportune Competitive Phystes (gp 


\ C8 of, 
and lead respectively lee 


Now, (Meme Voy 
ye Mem 

Me 

Aller melting of ice, volume of Water 
vem and 

: ee ry 
lead, ety 
Since mY . Wey 


So, level of water gocs down, 


CS? Commit to memory 


If density of impurity ts greater than 
density oftcv, hen tof water would 
ko down 


| Sa, 


trons, ites understood 
rature of water is 


| that the 


17. (6) OP is the portion of the rod immersed in 


water. 

ee 6's i ° 
or OP =P em : 

= s em =80cem | 


The centre of 
buoyancy is at the 
centre of the immersed part of the rod. So, 
the required distance is 40 cm. 


Fig. 12 


ee 8 
Volume of body = me = 30 em? 


Now, (150 - 130) g = 30x jy xg 


ESP Time-saving solution 

Specific gravity of quid 

2 Loss of weight of body 1 liquid 
Loss of weight of body tn water 

_ 150-130 20 2 

“150-120 ~ 30 = 3 


22. 


(c) Pressure 1s proportional to depth from 
the free surface It as the same in all 
directions. 

4 


(c) 


PRP Odes APP hag 


= pale txy 


or O8r + 24h) — 24 


or 
or 

A — 

sofconcrete _ 3 THY -i24 

Now Soe ee 


“mass of saw dust — 


3 
= 3 x8=4— 

(a) Lt V be the volume of the ball. 

Net uy vurd force = Vog — Vpg 

Net upward acceleration, 


a = Nog Voge (o-p)g 


Vp ry 


Velocity at the surface = 


If}, is the height in air to which the ball 
rises, then 


Xa- 
o- Ao— pi =~ phq 


Yee 


19, (a) Let Mand m represent the many 


ue 


e inertial reference frame of the 
ua ence the soup bowl), any mass m 


aia fictitious force of magnitude 
ence 
ert ection opposite to the horizontal 


rb inal 
4 


Fig. 13 
acceleration of 
in When the soup 
librium, ils 
rpendicular 
ve value A! of 
fective V4 
i” tion duc to 
The high side of ? 
is towards Fig. M4 


forwal 


in av 
m face is PC 


acceler 

ity: 
ravi 
the surfac 
he rear of the train, tty aoe 
: H direction opposite to the direction of 
in 


geceleration of the train. 


ead 
& 4 


23/1 
or O=tan”| | 
(c) Let! be the length of the cylinder, when 
vertical, in water, Let A be the 
cross-sectional areca of the cylinder. 
Equating weight of the cylinder with the 
upthrust, we get 

mg =Alpy or m=Alp 


tan 0= 


When the cylinder is tilted through anangle 
. , t 
Olength of cylinder in water = cos 


Weight of water displaced = ae0 Ap 


i = Abe 
Restoring force = m0 lApg 


= i iol tee 
=toe| sea? femal sta 1| 


m ee 
a mle —2_ an 
° Oe es 
‘ a - 
2%, og 
“a “> 
Pa XB-p,) 
or THM, p 
Tm, Woz, 
° 4B -5,) 
2 l2x197 
. 012 
38-124 193, (27S 
1: sone 179984 
 (d) Let mg oat 
wiae te the weight of ebject jn 


Volume of object = 
j 34 
Weight of air cisplaced by chect 
=F «00012 
Volume of brass weight = @ 
8 


Weight of air displaced by brass weights 


=F 10.0012 
Error “= difference in buoyancy 
fai 
=0.0012m| 1! 
1 | nl 4 
meas (at 
mn 
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IMPORTANT FACTS AND FORMULAE : 


1. Surface tension, 6 = F 


ams d 


Rohe (ascent formula) 


3. Jurin's law Rh = constant 
4. Excess pressure inside a liquid drop, 


20 
PR 


cted Multiple Choice ves, 


8.9 ink 4 ensionof aliquid nearthecritical Ihe follow. 
gurl e | Two snap bubbles, each 
1 Taint coalesce int CK mth a ray 
SURFACE TENSI9 pol ‘nau ni i VACIUM Under cael 
N a)" inimum but non-vanishing (ORE to form ab WwAbermal 
pis? mi radius R Then Rig tna bubble of 
nishe: : far" equal to 
( mn esi but not greater than unity in ee , a", 
(a) ism ade. 24, ‘ 
; id) 
: ; oR sin the capillary tube will risei¢ — % MPeandy dence oh 
5, Excess pressurc inside a soap bubbly ¢ lil contact is foreeon aliquid cohesive and sthesivg 
4o i % he angle o of a sol Molecule near the surf 
p22 u (b) 180" Solid, then the surf rea 
i too" (d) Acute Pavesi “ee of Liquid os 
insi . cptuse alanis 
6, Excess pressure see tn oir bubble te) vertu drop is divided into 8 equal ir, ort: 
entrapped in a liquid “a ae 4. wn its total cnerBy 2 Maz 
a remains same (b) becomes twice (dP, 5 WF, eF 
{c) becomes half (d) becomes 4 times, 10. Two ane 
ee water droplets in free fall are coal eaa? bubbles frais cm and dem, 
i duc to esce in vacuum under isothermal 
pherical ju a conditions to form a bigger bubble of 
(aygravity (b) viscosity * radius R Then Ris equalta of 
- (qsurface tension (a)3em (b)4em 
@ inter-molecular attraction. (Sem (d) Tem 
: 5,8 mercury drops coalesce to form one 11 Water rises toa height of 10 emin a glass 
"mercury drop. The encrgy changes by o capillary tube. If the area of cross-section 
factor of ofthe tube is reduced to one- fourth of the 
(1 (b)2 former value, the water will rise to 
(o4 (d)6. _ (0)20em )Sem 
: 6, Ifthe difference between pressure inside (25cm (d) 40 em. 
and outside of a soap bubble is 6 mm of 12, A straw 6 cm long floats on water. The 
water above atmospheric pressure and its water film on one side has a surface 
radius is 8 mm, what is the approximate tension of 50 dyne cm”. On the other side, 
surface tension in dyne per em? ? camphor reduces the surface tension to40 
(a)120 () 200 Seer The resultant force acting on 
(2300 (2) 400. aun 
1, Two small drops of mercury, cach of (a)(50x 6-40%6)dyne (6) 10 dyne 
radius r, form a single large drop. The wa S$ Joe (d) 90dyne. 
rotio of the surface encrgy before and after ; 
13. Liquid inacapillary tube rises toa height 


this change is 
(a) 1,2 
(2:1 


(oy 221 
(d)1:2, 
200 


h, The tube is filled with the liquid in the 
horizontal position. If the length of the 
tube is greater than 2h, then the column 


. eS 
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wa 


of quid which remains in the capillary 
tube when Neld un the vertical positions 


‘ J) ren 


Waat change in surface energy will be 
a alnyp of radius R splits up 


netiand wh 
cach of rads 'F 


1000 


Oimif¢ 
ande 225. 10'N 
m, then the laad W 


sortuin Competttioy Physies j 
SS Obje, 


MO) 
that should be suspended from 
keep it in equilibrium as "Wing 
wile (VOI 
WOOdg WhOSg 


16. The addition of soap changes the 
tension of water to oy and thay tay 
changes (03 Then or hy 


(aday ray (bo, <0, 


(0, = 9, 
(d) itis not possible to predict the Above 


17, Water rises ina vertical glass a 
tube up toa length of 8 em, Ifthe Pity 
inclined at 45°, the length of water ge 
in the tube will be Uns 


fa)tem (6)3em 
te) V2 cm wr dem 


wile 


p questions for Self Assessment 


indicate the correct choice among the following nptions 
* (4), (), te) and |, 
. ‘di. 


number of droplets, each of radius - 7 
4 mbine to form a drop of radius R.AfT 4, + Te soap trubbleg ag 
a surface tension, then the rise in and the other feadinasigae 2950 em, 
hi erature will be IF eonsaet tn that tyes eat” Deh 
temp’ aT terface The aa 7 Aave ) commen 
aw (be common interte S % ‘urvature of 
ole n tertace 
. 0m 
tod ast] 4! 210065 m wore 
oti] 7, R lam men 
: : 8. The ; 
When two soap bubbles of radii ry and r, - piles atts of atid drop oB. 
2 (rq > ri) coalesce, the radius of curvature its surf Into 1000 equal deoplets. Thee 
common surface is face energy beecmes 
he fyai (a) 1000 E ianiegy 
aun" wr GUE ae 
"m7 => 
sn 9. Ascap fimofsurtace trewon «ete! 
jt Md) ry + ry. formed int tet. 
at angular frame can 


g, A water drop of radius r is divided into 
. cight equal droplets. Whatis the work done 
inthe process ?Given : surface tension =a. 


Support astrawas | 
shown in Fig 2. 1f 
&=10 ms", the 


(a) 2nra ie ay mass of the straw 
(ana (d) 2445, iz 

4. The excess pressure duc to surface tension ~ a) 0.006 Fig. 2 
inside a spherical drop is 6 units. If eight 210.008 g 1005 — 
such drops combine, then the excess (1065 ibe 


* pressure duc to surface tension inside the 10. A cube with a mass m = 20g wettable by 
larger drop is water floats on the surface of water. Each 
(a)3 units face of the cube is a = 3 cm long. Surface 

; tension of water is 70 dyne em”. The 
sai . e ty a. Th 
(c) 12 units « distance of the lower face of the cube from 


(6) 6 units 
(d) 48 units. 


5. Work W is required to be done in forming the surface of water is -(g = 98C em $72) 
a bubble of volume V from a given (a)23em (46 
solution. What amount of work is required i 

(c19.7em (2 24em. 


to be donc to furm a bubble of volume 2V ? 
(a) W (W2W 

(2 w av'w. 

A metal wire of density d floats, ina liquid 
of surface tension a, in the horizontal 


11. Consider a vertical tube of semi-circular 
cross-section dipped in a liquid. Assume 
that the wetting of the tube is complete. 
The forces of surface tension on the flat 
part and on the curved part ofthe tube are 


position. The maximum radius of the wire inthersde 
so that it may not sink is ae nies 
ON Era w)2e (oars (gy27:2° 

Ed ve 12, A glass rod of radius 7; is inserted 


- symmetrically into a vertical capillary 
tubeofradius ry such thattheir lower ends 


Sa Jo 
toa [22 4 [72. 
el Ig (d) ri 
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ary at the same level The arrangement is 
now dipped nv water. The height to whieh 
water will rise inte the tube will be (a= 
surfnes tension of water, p= density of 
water) 


AQ. A drop of liquid of density p is Moating 


halfimmersed ina liquid of density d. If 
isthe surface tension, then the diameter 
of the drop of the liquid is 


14. Work done in splitting a drop of water of 


1 mm radius into 10° droplets is (Surface 
tension of water = 72% 107 J/m*) 

(a) 9.58x10°S (b) 8.96 1074 

(c) 5.89 10%) (d)5.98 x 107 J. 


15. Water rises to a height of 10 cm in 


capillary tube and morcury falls toa depth 
of 3.1. cmin the same capillary tube. Ifthe 


18. 


19. 


density of mercury is 13.6 and the angle - 


“of contact for mercury is 135°, the 
approximate ratio of surface tensions of 
water and mercury is 
(a) 120.15 (by 1:3 
fe) (d) 1.521. 


16. A drop of water of volume V is pressed 


between the two glass plates so as to 
spread to an arca A, If T is the surface 
tension, the normal force required to 
separate the glass plates is 
TA’ 27a? 
(a) Vv (hy 
sta? TA? 
Oo pt 
oy ‘doy 
17. A large number of droplets, cach of radius 
ie coalesce to form a bigger drop of radius 


20. 


Biportim: Competitive Physics (Oly 
— OTS 


Cctive) 


b, Assume that tho energy relenaod In th 
process is converted inte the king nN 
enetgy ofthe drop. The velocity of the de 

is (a = surface tension, » * dennity) °p 


ee 
afi) wf 29/4 aye 
wl (3-8) wl ela | 


an( dd y o[ diay 
ofa @lF Gay” 
125 water droplets, cach of radiug 
coalesce to forma single drop. The eng, 4 
released raises the temperature of the 
drop. If 6 represents surface tension 
represents density, S represents. specie 
heat and J represents mechanical 
equivalent of heat, then the rise in 
temperature of the drop is 


12a 120 
(0) FFr9S OTs 
2op (d) Zero, 
oof (d) Zero 


Two vertical parallel glass plates are 
partially submerged in water, The 
distance between the plates is d and their 
width is/, Assume that the water between 
the plates does nol reach the upper edges 
of the plates and that the wetting is 
complete. The water will rise to height 
(p = density of water and o = surface 
tension of water) 


20 30 
(a) ned (b) vad 
49 5a 
(ed (d) ned 


In Q. 19, the force of attraction between 
the plates is ji : 


Ing ys log 
(a) ER otha 
{ng tpg 
(c) 2 (d) Oh 


21. 


{Herch represents the height to which the 
liquid rises.) ~ 2 

Two spherical soap bubbles coalesce. If V 
is the consequent change in volume of the 
contained air, S is the total change in 
surface area and o is the surface tension 
of soap solution, then 


(bh) dPa¥ ¢ 405 #0 
(i) PyV - 09 = 0 
nts atmospheric pres- 


ee 
Se 

+a ; 

9 roprese 


jos of radii a and b combine 
Oo ae pubble of radius c, If P is 
int ressures then the surface 
p solution is 


io Pict? 

340) » he) 

weer oy ‘ Ya? bt =e) 
7+b'- 
4a? - 


apt (ed) Be da? + 3b, 


guspe™ or side just dips into water with 
e IIe} to surface. When the plate is 
a oO) itappears to weigh 0.044 N, 

es the plate is greasy (0 = 180°) it 
put! iC to weigh 0.03 N. The surface 


7 ! 
eprion of water 16 


= 


(a) 45% 1079 met 


if 
140+ UH get Oa ay 


(DOAN m! 


(a) [26a] ed 


7) a 
(eh (D6 gt ) Fat end 


25. () Vir me, 


Alcop of 6.28 em, long thread is put gent} 

one soap film in a wire leap. The fie i 
Dricked with a needle inside the pte 
enclosed by the thread. If surface tension 
of soap solution is 0.030 Nm, then the 


tension in the thread is 
(a) 1x 107N (b)2%10*N 
(3x 107 N (A) 4410 N, 
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ee 


ene Sane ee 


| al 206 Ca (Obj, 
9) 
Answers/Explanations —————— 


Clearly, the cohesive force dominates, Now, 


think of mercury. 
10. “e) 24nd? 4 Qednx 4? 2x dn NR 

or R7=9+16=25 of R=Sem 
M1. (a) Arca reduced to one-fourth, Radius 


* reduced to one-half. Since A = +, therefor, 
Ais doubled. 


(e) cos 45° = 3 


or 


or = 8V2 cm 


Fig. 4 


4) 8x4 = 4 oR; Re 2 


Poa or p=$=Sunits=3 units 
4 
3 


4 pad ap ®- preg 
dx aR ag ;R=2 R 


Ws2x4n [243 Rpg 
= 295 2x 4nR2o = 44 W 


12. 


3a 
p” . avin or KR" sar 8 (a) are 
. . ‘ 4nWrr al 
| Selected Multiple Choice Questions ws wot 02 ane? Ant 7 4 : Ord ay 
. J. fi) 
1, (b) Factual information, 12, (a) F=(0,- 02 goere , “dp ref 
2, (d) Only those tiquids rise ina capillary tube ag () # cA'ng OF Ups 7, t wy |p, 40 tg 
which wet the wall of the capillary tube.] Now [In cgs system, p = land =}) oh [rast af 
r 
3. (8x Sweden? or Rear, But cos0= in x ne? — ARR ott 
4. (ec) Due to surface tension, the liquid drop o Ret te ; ar? RoR 
tends to assume minimum surface area. cos 0 Rit, 
2 2 2 or Rs 
, 420050 iy aT ln’ =I _ gp ae 1B? pe 
5. mel 3 0= re a Ra 400 3 
; 7 = 4 
or pre 220.208 0 Fig.3 3% 1000 * 35 ™ = 0.133 m 
EB 8. (c) Final surface e 
or h’ = 2h Initial surfare eee 8% 4870 
403 4 03 Seem. Es ata 
14. (d) 1000x 5m = 2 nR® oF 19-- A) Again, 4 pp3_ 4 
6 (a) p= * or gi a z | Bang RR = 1000% 4 22 or Be top 
i ay a 1 Increase in surface area 1000 x 42 
_ 8x10 119008110 = 1000 4nr?— 4m? Mee ie eae Ue 
= 12x 10 = 120 dynecm”?, = 1000 dx B _ app? ‘ di : 
4 4 = 100 = Gr Ri ote that the radius of curva. 8. (€) mxi0= 10 
T (@)2xenFat py Ne terface is determined 2x Bx 10 
gy Change in surface energy = 36nR27 ture of the in f pressures of th or m= re 
or 15. (d) 25x 10x 2x01 =mx 10 sy the difference of pre fe 7 m= 6% 10" ke 26x 104% 10g w06g 
5x 1079 two bubbles. 10. (a) Ify is the required distance, then 
or m=————ke = 05g 
, 10 : 
4 AE a’ Tax 4a0 
16. (b) When a substance is highly soluble in 4 ber =8x5 wa, ret "ype = mg+4ac or y i 
F 7 A liquid, the surface tension is i 
8. (c) Since conditions are isothermal, i bal increased, ; = 20980 44x 3x 70 
therefore, energy will be conserved. eames + NaCl, ZnSO,, ete. dissolved in Increase in surface ae "Ox dxx 997 ms 2dem 
water. 
212 x 4rr“o] = 2» 47 RY La 11. (a) Effecti 
ie a a fae as When the substanceis sparingly soluble, the eBx «( 2 J ~ Ane? sane? sd Heels let ffi pet = 
=2r* or Ra2lty surface tension is reduced. Paacantae Eitslive Mogth ofenrred pastas 
Fy Sox Work done = zal 
9% (c) Fac e or Fe> OF, Example : Phenol or soap solution in water, is So, required ratio is 2:2. 


(a) Total upward force due to surface tension 
=0 [2nr) + 2nrg|. This supports the weight of 
the liquid column of height A. Weight of 


liquid column =A [ i wi )pe 
Equating, An (ro + ryXro—ri) pe. 


= 2no(r, +12) 


20 
or Alrg-ry)pg =20 or here 


4 43 
13, (d) 20+ dxdt whdg =F oe 


2 
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15. 


16, 


Pea 


or 


Diameter = 27 © Wi, 


R 
4) 10% =H? or rere 


100 

3 
oe pe LO 210° 
Wee 116% der? — 42k 


2 4 22 108 x 107? 107%] 72x 107 


88x 72 


7 


«107x106 x 99d 


= 895x107 


2q ens 0 


or he 


= 1Ox1 , _cos 135° _ 
© sO" - 31x 13.6 


_10x(-0.707)_ 1 
“=3.1%13.6 ~ 6 
(5) Pressure difference 


Fig. 5 
‘ores = ZEN 
. Foree bala 
(ci) Energy released = In x dna” —4nb"] 0 


4 4 ’ 
Now, nx=no%=— nb? of n= 2 
a "3 a 


Emporium: Competitive Dhynicg (Object 
ley 


Energy related 

’ 
o[Svnt 9? Joost 
i 


a a"! 


Now. 5{ fas ot ant| 2 i]s 


le 


or 


a 


4 
18. (a) 125x487 = FAR? or Grek 


Energy released = [125 x 4nr? — 4nk2) 4 


2 _ or 2 
= (125 x 4nr? ~ 25 « 47] = 400 gy 
Now, W=dQ=dmS0 


or 400nr?a =x ‘ nR%p SO 


= 3x 400 na 


% * Tx dn x 125298 
o= 120 
or = ims 


10. (a) Total upward force due to surface 


tension = 2ol 
Weight of lifted liquid = (Ald) pg 


a 20 
Equating, k= 2 


20. (a) Increase in P.E. = Hide 5 ) =e 


21. 


If F is the force of attraction between the 
plates, then 


ved = 408 92 or pe Miya 


(b) Assume the conditions to be isothermal. 
PV=P,V, + P2V2 


(tort ]( Sm )=[ Poe Sem" ] 
1 
40 )( 4 op? 
+(e [Som] 
or Pa[ m= fan $ a” 


= 2 [4nRy? + 4nRy? - 4nR"] 


 tteren 


4. 


AGS oe SPoV + 408 =0 
rov = 3 


of ing isothermal conditions, 


ase 


epee) ati) 


2a 
aa be—cl=dale ~a*-b}| 


_ P(e -a?- 6} 

9 a? +b?) 
rence in apparent weights is due to 
es in forces of surface tension, Due 
the force of surface tension in one 
posite to the force of surface tension 


ot Pl 


of 


) piffe! 


to 180° 


40 _ 0,044 -0.03 
| 2x du* 700 0.0. 


isi gous x5Nm?=007Nm! 
or 


b) Water shall assume spherical shape. 


4 ona 
43 am: 
vega or agar 
173 
3 
or n-[ 3] sd 


Surface trea = font, tel 7 
lie) om 
= 6944 gin 


aneed, the verties 
Components get added up tl 


Fig. 6 
or Wsind=cy or AMM 


ter 
or T=¢r=ox— 
ersox 


628x107 
or T=0. —_— 
090« == 


Ns3xl0'N 
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FLUIDS IN Motig, 


SSS Eee 


IMPORTANT FACTS AND FORMULAE 


1, Viscous foree, F=-nA do 


dx 
2 Stokes' law F = 6xnrv 
3. Formula for terminal velocity 


2 ip-pie 
%o=g a 


4 
. 5 ey pr 
4. Poiscuille’s equation V = én 


where V represents rate of flow. 
5. Reynolds number Ny = “ae 


6. Equation of continuily av = constant 


7. Bernoulli's theorem 


(i) : + 3 v +gh = constant 


(ii) P +4 pv? + pyh = constant 
2 
; (iit) = + +h = constant 
8. The velocity of efflux of o liquid th; 
an orifice = V2gh, rough 


Here A is the height of the free surf 
the liquid above the orifice. nett 


1 


= 


gel’ 

the correct anawer from the four alternatives 
chor estion® i ; 
at pall of radius 1 x 104 mand ag. 


perieal kg/m? falls freely under 


Age ough a distance A ina tank of 
yo y pefore attaining the terminal 
wate” What will be the value ofh? 
yeloely ors 9.8 x 10 seem") 

(nfor™ (b)20.4m 

e184 (d) 24.4 m. 


m 
(a) sane theorem is a consequence of 
no! 


conservation of mass 
(oe gervotion of enerBY 
(b) aservation of linear momentum 


(em tion of angular momentum. 


@ ener terminal velocities of two 
Bee radii Rand R/2 is 
(b)1 

ie (a4. 

ld radii of 2 drops are in the ratio 2:3. 
. Their terminal velocities are 

(4:9 (6)2:3 

(93:2 (d)2:9. 


Motion of a fluid in a tube is best described 
by 

(a) Bernoulli's Theorem 

(b) Poiscuillo's Theorem 

(¢) Archimedes Principle 

(d) Stoke's law. 


. Terminal velocity depends upon 


1 a 
@)- ee 


©? (dr. 

The velocity of Mux of a liquid through 
an office in the bottom of a tank does not 
depend upon 

(a) size of the office 

(8) height of the liquid column, 

(clacceleration due to gravity 

(d) any of these. 


MOem in eaeh of he fli, 


+ Two capillaries 


(v4 
ca 

Water stands at a he 
Cylinder (see Fig. 1). 7; 
are made on the sides 


nghe Hin» tall 
wo holes A and B 
Of the cylinder. If 


Fig. 1 
hole A is at a height A above the ground, 
what is the height of hole B above the 
ground so that the two streams of water 
emerging from holes A and B strike the 


ground at the same point ? 
A 

(a) H- 2 ()H-h 

wt (d) 2h. 


10. Eight spherical raindrops of the same 
mass and radius are falling down with a 
terminal speed of 6 cms". If they coalesce 
to form one big drop, what will be its 
terminal speed ? Neglect the buoyancy 


due to air. 
(a)32ems" ()24ems 
()1.5ems! (Gems. 


11. A small spherical solid ball is dropped 
from a great height ina viscous liquid. Its 
journey igmaa liquid is best described, in 
journey i liquid is best 
the dia; ven below, by 
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12, 


13, 


14. 


! 


Cc 
o 
Tine ——> 
Fig.2 
(a)cune A (b) curve B 
(c) cuneC (d) curve D. 


Water is flowing through a tube ot 

non-uniform cross-section. If the radii of 

the tube at the entrance and exit are in 

the ratio 3:2, then the ratio of velocity of 

liquid entering and leaving the tube is 

(a) 1:1 (b)4:9 

(c) 9:4 (d) 8: 27. 

A water tank of height 10 m, completely 

filled with water, is placed on a level 

ground. It has two holes one at 3 mand 

the other at 7 m from its base. The water 

ejecting from 

(a) both the holes will fall at the same spot 

(b) upper hole will fall farther than that from 
the lower hole 

(e) upper hole will fall closer than that from 
the lower hole 

(d) more information is required. 

A marble of mass x and diameter 2r is 

gently released in a tall cylinder 

containing honey. If the marble displaces 

massy(<x)of the liquid, then the terminal 

velocity is proportional Lo 


(adx+y (b)x-y 
(yt we, 
7 7 
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16. 


An incompressible liquid trayol, 


yestions for Self Assessment 


ay a Q 
in Fig. 2. Thespeed of the Muidinthapea p the correct choice among the fol 
branch will be tm, paicale ae fo lowing option 
™ Ii jindor containing water Up toa heigh i" (a), (0), (c) ang 
dveaitivene vamtbsis_: \ soll va has o hole in.its bottom, I ig (a) 14 ne (d), 
‘7 3, i my of iged in a balance. When water gt a8 
%, coun * to f1OW out, the initial decrease in a tht, 
beeing weight is required to be 12 gf tg 4. n drops of mater h 
pale he ‘balance beam horizontal. The Tough air ata tp Of radius 2 me, tl 
ee? © ional area of the hole is Ifthey coalescetn fon eS Bony! 
Fig. 70885 the terminal ma tnate d 
¢ is32em¢1 ef the combines ee 
(a1 ms™ (6) LS ms! ama Theveloe tag? 
()2.25ms" (d)3ms"t nm on 
(e)6 


16. 


17, 


The rate of flow of a liquid throy, 

copillary tube of radius > is V whyeh® 

pressure difference across the two en 

the capillary is P. If pressure is imereasy 
d radius is red a 

by 3P and radiu uced tos vthen ty 


rate of flow becomes 


Vv Vv 
«ay wy 

yv ¥ 
(e) 2 (d) 2° 


A copper ball of radius r is moving with 
uniform velocity v in the mustard Oil. The 
dragging force acting on the ball is F. The 
dragging force on the copper ball of radiy, 
2r moving with uniform velocity 2v in thy 
mustard vil is 
(a) F 

(co) 4F 


(6) 2F 
(d) BF. 


. Asmall stcel ball of mass m and radius; 


is falling under gravity through a viscous 
liquid of coefficient of viscosity 9. Ifgis the 
value of acceleration due to gravity, then 
the terminal velocity of the ball is 
proportional to 


a) 789 (b) menr 
(c) TEE (¢) 7%, 
n m 


Fig. 4 
(6) 0.25 em? 


(a) 0.12 em? 
f 2 
(050m? (d) 0.75 cm’. 


The vertical sections of the wing of a fan 
n in Fig. 5. Maximum upthrust 


foes reas 
(a) (b) 
(eel 


are show’ 
isin 


— 
(3) 
Fig. 5 . 

3. Some particles of sand are sprinkled on to 
the surface of water in a beaker filled to 
the depth of units. The least time for 
which the grains of diameter 2 units 
remain in suspension in water is (Given 


1 * F Ff 
N=75 units, density of sand = 2 units, 


density of water = 1 unit and g = Hl units.) 


5. A tank ha: isk 
Sa hole at 
Needed to empt) aaa — 
pase pty the lank from leva 
2 Will be proportional o ie 
ne (yh, shy 
hy Viz (Oy iy, 
5 bi are made in the side of 
o that the jets of water flowing out of 
pia at the same point on the 
und. If one bale is at a heigh 
above the bottom, then the distance ate 
other hole from the top surface of water is 


3 
(a) Sem 


the tank 


(b)2x3em 
(3 oa @)3em. 

7. A liquid is kept in a cylindrical vessel 
which is rotated along its axis. The liquid 
risesat thesides. Ifthe radius of the vessel 
is r metre and the frequency of rotation is 
2 revolutions per second, then the 
difference in the heights of the liquid at 
the centre of the vessel and at its sides is 


2, 
(a) 8 we 
& a 


(a 2 we. 
& x 

8. A cylindrical tank of height H 1s open at 
the topand hasa radius ofr. Wateris filled 
in it upto a height of h. The time taken to 
empty the tank througha hole of radius?’ 


in its bottom is 
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12, 


13. 


lad 


yy ra. 


Ad) None of these. 


wPi 
wont 

A liquid 1s poured into a vessel at rest with 
the hole in a wall closed by a valve. It is 
filled to a height H. The distance of hole 
from the top surface is A. With what 
horizontal acceleration should the vessel 
be moved so that the liquid does not come 
out when valve is opened ? (Given : / = 
length of base) 


(adach (De 
te) Bet (d) None of these, 


A capillary tube is attached horizontally 
to a constant pressure head arrangement. 
If the radius of the capillary tube is 
increased by 10%, then the rate of flow of 
the liquid shall change nearly by 

(a) + 10% (b) 46% 

(ce) - 10% (d) - 40%. 

A hole is made at the bottom of a tank 
filled with water. If the total pressure at 
the bottom is 3 atmosphere, then velocity 
of efflux is 

(a) 20 m s* 
(c)10 Ems" 
(e) None of these. 


Ariver 10 mdecp is owing at 5 ms". The 
shearing stress between horizontal layers 
of the river is (q = 107 SI units) 

(a) 10°. N m* (0) 0.8% 107 N m-é 
(€)0.5x 109 Nm? (d) 1 Nar? 

16 cm? uf water flows per second through 
a capillary tube of radius r em and of 
length | cm when connceted to a pressure 
head of fh cm of water. Ifa tube of the same 


(0)10 2 mst 
(d) 105 ms"! 


Jength and radius 7 cm is connected to the 
same pressure head, the quantity of water 
flowing the tube per second will be 

(a)1 em? (b)4em* 

()8 cm? (d) 16 em’, 
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16. 


17 


14. A liquid is Mowing out of a hort, 


with velocity v. The reaction Torceut! tu 


by the liquid on the tubo ig Proporty td 
(a)v (b)u* onal ty 
(edu (d) vu", 

Two capillary tubes A and Bare conn, 

in parallel. A liquid flows through eted 
tubes under the same pressure heng 


the tubes have the same length, Ty, “Beth 


radi 
. Whe 
Sem 
ush th! 


of A and Barer and 5 respectively 


rate of flow of liquid through A is 
then the rate of flow thro 
combination is 

(a) 8 cm? st 
3 


(0) 8.5 em? g7t 


(e) 9 em’ (d) 16 cm? 7! 


. A water tank placed on the Noor hos tw, 


small holes, pinched in the vertical wall 
one above the other. The holes are gg m 
and 4.7 cm above the floor. If the jets of 
water issuing out from the holes hit the 
floor at the same point on the floo: 


3 5 T, then 
the height of water in the tank is 
(a) 3 cm (b) Gem 
(c) 8em (d) 9 em. 


Fig. 6 shows a liquid being pushed out of 
a tube by pressing a piston, The 
cross-sectional area of the piston is 1 em? 
and that of the tube at the outlet is20 mm? 
Ifthe piston is pushed at a speed oflems? 
then the velocity of the outgoing liquid is 


18, 


Fig. 6 


(a)2.5 cms" 
1 


(b)5ems"! 

(e) 7.5 em s~ (d) 10m s"', 

Fig. 7 shows two holes in a wide tank 
containing o liquid column. The water 
streams coming out of these holes strike 
the ground at the same point. The height 
of liquid column in the tank is 


19. 


a. 


" inedium wi 


Fig.7 
(b) Bem 
gg) oer (d) 980 em, 
1) 96 ere tanks, open at the top, contain 
0 


quel vids. A small hole is made in the 

Mt cach tank at the same depth 4 

side one surface of the liquid. One hole 

pelow ice the cross-section of the other, 
as wae of the densities of the liquids is 

e ae of two liquids is same.} 

Most (b)4:3 — 

(a) i (a) 1:21. 

(013% srical, ball falls through a viscous 

Asp! ith terminal velocity v. If this 

| were replaced by another ball of the 


ball he radius, th 

mass but half the radius, then the 
ariel velocity will be [Neglect the 
effect of buoyancy. 
(au (b) 2u 

(d) Bu. 
4 

tere are two holes, each of 


cross-sectional area a, on the opposite 
sides of a wide rectangular tank 
containing a liquid of density p. When the 
liquid flows out of the holes, the net force 
on the tank is [A is the vertical distance 
between the two holes.) 


{a) Zapgh (b) dangh 
(010.5 apgh. (d) pgh. 
There is a hole of area ¢ cm? in the 


bottom of a cylindrical vessel containing 
fluid up to height A. The liquid flows out 
in time ¢. If the liquid were filled in the 
vessel up to height 4A, then it would flow 
out in time 


(a) (b) 2t 


(c) 4¢ ws ; 


Mend marTow Portions Ofthe tube are 
and 2 em’ Fespectively. The Tate of 

tes rower ‘hrough the tube is 500 em! 

uae elfeeace of mercury levelsinthe 

(a) 0.97 em () 197 oy 

(010.67 em (24.67 em. 


25. Fig. 9 shows how the stream of water 
: emerging froma faucet “necks down” ast, 
falls. The rate of water flow from the tap 

is 


ha 


A 
Fig.9 


(a) Vgh (0) sgh 


2 
(dy rear (a)Datais incomplete 
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——— Answers/Exp! 


1. | Selected Multiple Choice Questions 


\ f = 
1, (b) v= a on shows linear relationship bet 
2 ye Joctty and time in the begi a 
Yoh & 2 a BN uelehy Binning, 
pine al 12, (b) nv = cortstant 
9, 2 
or 2hal 9 = in oA 
a a 
ora eat v2 ry a 
or As z anes of outcoming wat 
4{9 4 13, (a) Velocity i Water from hole 
452/108 - 10 98 ayy > Vogh A 
2 10" = L i 
hea a Fy we Velocity af outcoming water from hole 4 
== VOg(H, — A) 
9 078 10° 
= mal 2x10" x 0x8 } Time of reaching the ground from hole a 
2x9 9x10" 
' es 21) = VOM, Ave 
20? = ——— m = 20. 
= on00 M0 "2x08" 204m 
2. (b) Factual statement. 
Yor Rr? 4 


3. (d) == 
v2 4} 
4. (a)uge i? 


5. (a) Factual information. 


6 (ugar 


7. (a) Velocity of eMux is V2gh. 

B. (a) Poiscuille’s equation V = anf 

9. (8) We know that R= 2Va(H - A) 
Clearly, R would remain unchanged iff and 


(Hh) are interchanged. Thus, ifa hole Ais 
14, 


at a height A above the ground, the hole B 
must be at a height (H ~ A) from the ground 


for R to remain the same. 
10, (6) 8x4 = 5 al RP = BF R= 2r 


Up « (radius)? 
Clearly, vp becomes 4 times. 
(c) The ball acquires velocity due to gravity. 
In the viscous medium, this velocity goes on 
decreasing till it becomes constant. 


1k. 


anations = 


16. 


UM Curve Dts ruled out because 


Fig. 10 
Time of reaching the ground from hole B 
2ig2 Whig 
Obviously, Range on the ground for both fy 
the same = R = Ut) = Uply = 2g VA(H,= Ay 


2 oo! 
d) wpe ge 


4 x 
Now, x =3 arp or pws 
ay 


Ug 
3 , 


Similarly, p’ « 3 

P 

(a) 0.180 + 0,12 1.5 = 0.123 
or 0.18v = 0.12 x 1.5 
0.12 x 1.5 


ve mst etme! 


- 0.18 


a7 
17, (OP atenyy 


18 Ps tan ata 4p 
' (d) Since the 
Neel 
thre uri man iP a 
lected 


Noni Gey mg op ye 
7 


pation’ for Self Assessment 
Qu mel = 0s Mass/s = aup 
() vol o 
* ome uns = 00"P grt or neg 
3 
eau) 
pote reaction force © av"p © NE or nag 
i docrenso in balancing weight wavy — 6 CC) Lat - a 
pit It 
: (um Yah) Fepresent the 


tale of descent 
of water Jevel 
Let A ond o 
Fepresent the 


2 2a pgh 

pag 2 2x ax DHX 2A 
Nowe 12M on? 2 0.25 em? 
aan 4 f cm 


of 
ir streams have to cover a larger ee 
R ape above the surface as compared to fees sears 
_ gir streams below the surface. So, coaaliee a 
ie ‘ty above the surface is large and hole is 
vnsequentlY the pressure is less. On the pectively 
ther hand, velocity below the surface is . 
ail and consequently tho pressure is Then, A a er 
Jargo. This explains maximum upthrust in dt 
Fig. 4 (a). F or ek F ikea costa 
2 Fip-p 
g. (0) oF 5 . be 
9 n dink 1 
Bn 0" t 9 or =- wes 
3,27 o-0% 5, $, “1 
9 5 27(0-p'k iy 
1 ‘ ye 
or FO - 9K or tee a4 
or te 9x ex px——+- > iu an 
4 2x 1x(2-x5 or t=~2k Vig - Vij) 
zis or t« (Why ~ Viz) 
i 6. (d) x= VOghyx 


4 opi, 4 
(ad) gm saxgn 


4 
or RP =nr® or Ren 
«Ratnam osetia 
Bi ygtee RE Now, imagine a hole ata depth hz below the 
roy ste free surface ofthe liquid. The height of this 
vo’ Rm? _ an? hole will be Ay. Clearly, remains the same. 


Now, wie 4 


—_—" | 
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Fig. 12 


7% (a) pi-pz =) pe? 


or Ang = 3 Pew? 
or pe AE? 
26 


dexdxr? 


Fig. 13 


F=u(av)p 
This force acts on mass 
alp of the liquid, 


“. acceleration 
= 900 _ Beh 


ap ot Fig. 14 


"FS Volumels =av 
Mass/s = avp 


10 
ve Ix lx dx dy 
V "10x 10% 10x10 = 14641 
‘s 
or (¥-1] 100 = 46 


v= V2¢h 


4 
10. (6) Yorlieabrspr] 


11. (a) 


But p=Apg or teak 


ES 17 total pressure is 9 atm, 


‘osphere, 
then pressure due to liquid column is 2 
atmosphere, . 


i 
12, (c) Shearing stress = 1 Viseous force | 
Area 


=0.5x 10° Nm? 


4 
13. (@) Var Wel 


16 
ved Vv 
or vs = 


14, (6) Volume/s =av 

Mass/s =aup 
Momentum/s = av*p 
Force =av'p 


15, () 1 


Va = 8 cm’ s~ 


4 
rp 


2 
fs atvae ae 
Vp = Ent = 1g *8=0.5 cm 8 


V=Va+ Vp =8+0.5=8.5em35* 


ps iN MOTION 
i 


OGY Note that the rates of 


Now 
een added up. fave 


eo j= 2Vh(H Ay 
; Now, 33 1H — 3.51 = 4.7 |H— 4.7) 
or (47 -BDH HA724.7-95,55 


Hie 9209 10.49 2 
or ~ “ 


14 &™= Bem 


22, 


OS 1f two holes at heights , 1 0nd hy 


are such that the liquid from thes 


holes covers the same horizontal dis. 


tance, then the height H of ligula 
column ts such that H = Ait hg, 


1. 20x10" xu = 1x1 


1 
ae 9 om 1g MS = Semst 


18. (a) 4H - 4) = 6(H - 6) 


36-16 =20 or H=10em 
ae ; wig 
19, (a)~Mass flux = aup = ap V2gh bi ~-2 MR) = SE, 
‘ Ve =ap, vi h ? 
aban NABH = ens or oA gah oe te 
mo 
‘ra a Now, tae 
20, (6) _—— When h is quadrupled, is doubled. 
" — ‘ 
. ror : 
Keeping m constant, if r is halved, p will 23. (d) vein the given problem, , 
increased by a factor of 8. Porn 
2, 
New Wore pix 16=p2 X81 =pyx 256 
vo! = 18) or vy) 29 . Pi 81 Pr _ 256 
4 o mie p a 
Dividing, = =2_or_up or Pr _ 81x16 
7 
>: oO a ‘Ug’ = 20 Iv up sul 
21. (a) F=av'p 
Net force = ap(ug? - v4?) p= serpy 2 om fH 
+32 
aap (Be ~ 2eyl 
ee 2ey ~1eemofHs 
= aygh— 


— 
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23. (¢) 
sa) eye east one Re 
: But Ave Agty oF VET 
| 8.5 
KINE : 
IMPORTANT FACTS AND FORMULAE | - 
For B moles of ideal gas, PV = pRT 
1 he value of Ris 837 dimalC or (iv) 1.414 | iT (for 1 molecule) 
$ 9 camol™ 
6 Formulae for rms, speed (C) . 5. Formulae for mean speed (< C >) 
; 2" aRT 
fa) apy (for 1 mole) @ > (for 1 mole) 
‘ SPV 
3RT ; ti) (for 1 mole) 
OVW (for 1 mole) =M for 1 mole) 
‘ iy [EE 
or Linclecuie) (iit) = (for 1 molecule) 
——— ; 7 
= (for 1 molecule) (iv) 1.6 (for 1 molecule) 
= 6. C:<C>:Cpp= 1.73: 1.6: 141 
= 3P me 
() D (or 1 mole) Clearly, C,., is minimum, Cis maximum 
5 and <C> has intermediate value. 
4 Formulae for most probable speed 7. The pressure ofa gas is equal to two-third 
== os (Cap) = of the kinetic energy per unit volume of 
@ ae (for 1 mole) the gas. 
8 The temperature of an ideal gas is 
(iy 422 (for 1 mole) propertional to the translational kinetic 
M energy of the molecules of the gas. 
(iy x] >t "(for 1 molecule) 
7 
221 
= . 
SS 
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ee 7 
(a)4P, (b) 2Py 
. + fe) P, 
i a uestions ” (d) P, 
o Selected Multiple Choice Q 16. V versus < 
i H i 3 curves 2 
ernatives given in cach of ¢ at 
Choose the correct answer from the four alt r he foltoy, KE constant pre. P 
< . < Asures P; and ‘ 
ing questions: : itrog ; Ke 
< with porous wall containing. 8. Hydrogen ie ae Ore at tho'ag P; for an ideal 
ih ie ‘ter at, and Hy molecules tempera he niolecules of whieh sl — TAs areshown y 
i ane tai Tans evacuated chamber. of them will have more Verage Kinett ai ss inFig.2. Here, 
is placed 11 f a . ry 
aa entire system is maintained ata energy Fig (a) P, > Py 
tant temperature T. The ratio of (a) Hydrogen | @ , (8), <P, <— 
Suinbe? 0; and H; molecules found in the (8) Nitrogen , 3. In order to increase the volume ofa gas to (cP, =P, pit 
chamber nutside after a short interval is (e) Both have equal amount of energy 13: Ftimes ot constant jBreusure at 40°C, the wPtr, ie. 
: tual val nal tempera des a 
wig (b) 4 (d) Depends Hi rae of temperatun, aT OBC (6) 777°C , 17. Ifthe kinetic energy of a perfect gas is 
2 9. Itis required to double the pressure Le . 60 joule and its volume is 3 litre, then its 
A 27° of, 5°C (d) 333°C, 
(a2. gas in a container at 27°C by heating ; (c) 55 | pressure will be 
To what temperature the gas should b, At a certain temperature, the rms, 2 2 
2. 1. distribution is valid and if V, raised 14. velocity for Oz is 400 m 5”), At the same (a) 2 104 Nm (8) 4 107 N ew 4 
denotes the most probable’speed, V the (a) 273°C (b) 379°C temperature, the r.m.s. velocity for Hp ()4Gx1O Nm? — (d) 29x 104 Nm 
average speed and Vims the root-mean- janare: (a) 100 molecules will be 18. The temperature of an ideal gas is 
square speed, then 4 # cisculsd of gawiee a a1 300 m2? (b) 25 ms! increased frum 27°C ta 927°C. The root 
reV eV, ()V<Vime <Y, eo ROUTH =e DAVIN speed, -1 -1 mean squarc specd of its molecules 
ta) V< Vy < Voom ve at of 1,.4, 8 and 16 ms". The root meay (e) 1600 m5 _— £46400 ms ieee 
(Vy < V < Vere (d) Vp < Vena < ¥- . square velocity of the gas molecules is 15. "A gas in a vessel is at the pressure Pp. If tad tw (yhalt 
3. What will be the temperature when the (a) 7.25 ms"! (6) 52.56 mst » BP ye masses of all the molecules be made ~~ is 
rms velocity is double of that at 300 K ? eee ia halfand their speeds be madedouble, then (6) four times (dione fou 
: 5)600 K : aie . t pressure will 
ae He 4200 K. 11, Root mean square velocity of gas molecules the resultant pressure will be 
3) 2 * - : 
. 300 m s. The r.ms. vel 
4. By what factor the rms velocity will molecules of gas with twice the richer 
change, if the termperature is raised from weight and halfthe absolute temperaturcis “ 
iia ale (a)300 m s* (b) 600 ms"! 
ye ii (75m 5" td) 150 ms". 
ferere HEU i 12, Which of the following graphs test 
5. At Boyle's temperature: represents the relationship between . 
(a) Joules effect is + ‘ absolute temperature of a gas and the . if: 
(b) 6 of Van der Waal's equation is zero average kinetic energy of- the gas 
(c) Gas obeys Boyle's law : molecules ? 
(d) None of these. 


6. Atzero kelvin, which is true? 
(a) b of Vander Waal’s equation becomes very 
small 
{b) All gases get liquified 
fe) Metal become solidified 
+{d) The motion of ay molecules becomes zero. 


7 Molecular motion shows itself as : 
(a) Temperature (b) Internal Energy (a) 
(1 Friction (d) Viscosity, 2 4 be , 
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ja) Questions for Self Assessment 
Avice among the following optionn (a), (b), (c) and (d), 


Indicate the correct ¢ 
ent, an ideal gas is 


. penny 
Dunng an ¢ nal law VPP & 


found to obey an additio 


constant The as |s initinlly at 
temperature T and vorumc V. “shen it 
expands toa volume 2V, the temperature 
becomes 

(e)T (b) 27 

(ODT (a) TA. 


At a certain temperature, hydrogen 
molecules have rms. velocity 2 kms”, 
Ther.ms. veloaty of the oxygen molecules 
at the same temperature is 


lake! (0) 5 kms” 
()0Skas7 i2ytkms tl 
ptf much should the pressure be 


increased in order to decrease the volume 


of a gas by 5% ata constant temperature? . 


(8) 5.26% 
(d) 4.26%. 


(a) S& 
(c) 10% 


. We have a jar A filled with gas 


characterised by parameters P, V and T 
and another jar B filled with a gas with 
parameters 2P, V/4 and 2T. where the 
symbols have the usual meanings. The 
ratio of the number of molecules in jar A 
to those in jar Bis 


(a) 1:1 (6)1:2 
(e)2:1 (d) 4:1. 
At @ opnstant pressure, of the following 


graphs the one which represents the 
variation of the density of an ideal gas 
with the absolute temperature T, is 


0.0 


(@) 


| a 
>T —+T 
3 0.0 (b) 


Emporium Competitive Physics (Obje , 
tli, 


d 


(a) 
Fig. 3 

(b)b 

(d)d. 


(a)a 


(oe 


6. Acontainer has an ideal gas at a Pressure 


of 5 atmosphere and temperature 27°C. 
One-third of the mass of the gas from the 
container is removed and temperature is 
increased by 60°C. The pressure Of gas in 
the enclosure is ; 
(a) 5 atm. 

(c)4atm. 


(6) 6 atm. 
(d)3 atm. 


7. At what temperature is the root mean 


square velocity of gascous hydrogen 
molecules equal to that of oxygen 
molecules at 47°C ? 
(a) 20K 
(c)-73K 


(6) 80K 
(d)3K 


8. Towhat temperatureshould the hydrogen 


at 327°C be cooled at constant pressure so 
that the root mean square velocity of its 
molecules becomes half of its previous 
value ? 

{a)- 123°C 
(c)= 100°C 


(6) 123°C 
(d)0°C. 


9. Oxygen and hydrogen in two enclosures 


have same mass, volume and pressure. 
The ratio of the temperatures of the two 
Bases is 
(a)1:4 

(ce) 16:1 


(6) 451 
(d) 1:16. 


) 


40. 


13. 


16, 


yey OF GASES 


erse] ig 


The P sed by 0.4% when heated by °C 


increase 

The jnitial temperature of the gas ig 

a 257C (b) 250°C 

(c) 250 K r 12) 21001 

Ina given aire &A5, Sound travels at 
aspecd of 300 ms - The root mean square 
speed of the molecules of the gas is 
ams (6)40 mst 

(e438 st (d) 43900 ma! 


The root mean square velocity of the 
malecules in a sample of helium is 5/7th 
that of the molecules in a sample of 
hydrogen. If the temperature of hydroger, 

Je is 0°C, then the temperature of the 


amp) ps 

helium sample is about 
(@)0°C (b)0K 
(273°C (d) 100°C. 


Atwhat temperature, F.m.s. velocity of 0, 
molecules will be 1/3 of Hz molecules at 


93°C? 
(90K (0) 1167°C 
()-3C (a) 207°, 


When the temperature of a yas is rai 


d 


* from 27°C to 90°C, the percentage 


increase in the r.m.s. velocity of the 
molecules will be 
(a) 10% 
() 20% 


4b) 15% 
(d) 17.5%. 


. An assembly of smoke particles in air at 


NTP is under consideration. If the mass of 
each particle is 5x 107" kg, then ther.ms. 
speed is (Given : k = 1.38 x10" JK") 

(a) 1.5ems" (b)1.5 mms"! 
()1.5ms" (1.5 kms 

The average kinetic cnergy of translatory 
motion of hydrogen molecules at 27°C is 
6.2 x 107! J. The average kinetic energy 
at 127°C will be 
(a)30% 10°75 

(c) 1.2% 107" J 


(6) 8.27x 107" 5 
(d)3.1 x 107d. 


|. Four molecules of a gas have speeds 1, 2,3 


and 4 km s7! respectively. The value of 
r.m.s, speed of the molecules is (in kms) 


20, 


21. 


a . 
THE 
ic 
ll i 
ressure of 0 £a8 in a closed y, 


Weis 


(dh) Narie of these 


etc energy of hydrogen 
TP is 


3 
(a) 54186 1GPem95 341384 
(1aas (di 73S. 
A gas is fillet in a cylinder. Ite 


Uemperature is increased by 20% on 
Kelvin scale and wolume is reduced by 


10%. How much peres ntage of the gashas 
to leak for pressure to remain constant? 
(a) 3 (b) fe 

fc) 15% (2) 25% 


Fig. 4 shows graphsofpressure vs density 
for an ideal gas at two temperatures T; 
and Tz. Which of the following is cor. t? 


i 7, 


Fig. 4 
(a) T,>T; (7, =Ts 
(oT <T, 
(d) any of the three is possible. 
A container of volume 1.5 litre contains 
helium gas at a temperature of 27°C and 
80 cm Hg pressure. The number of moles 
of the helium gas in the container is 
(a) 0.64 (b) 0.06% 
(64 'd) Bt 
16 g of oxygen and 14 g of nitrogen are 
mixed in an enclosure of volume 5000 cm’ 
ata temperature of 300 K. The resulting 
pressure of the mixture is nearly 
(a) 5x 10° Pa (6) 4x 10° Pa 
(e)3 x 10° Ps (d) 1.2 10° Pa. 


At 
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23. The temperature at which the r.m.s. 


a. 


velocity of oxygen molecules is equal to 
that of the nitrogen molecules at 100°C is 
(a) 42.63 K (b) 426.3 K 

(e) 4263 K (d) 4.263 K. 

The gas in a vessel is subjected to a 
pressure of 20 atm at a temperature of 
27°C. The pressure of the gas in the vessel , 
after one half the mass of the gas is 
released from the vessel and the 
temperature of the remainder is raised by 
50°C is 7 
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25. 


(a) 11.67 atm (0) 17 alm + 
(b) 8.5 atm (d) 10.8 atm, 

A flask is filled with 4 g ofa 

and then heated to 50°C. Owing 122 
escape of the gas, the pressure in thers 
is the same at the beginning as wo}) a 
the end of the experiment. Then the Bat 
of the gas that has Cscaped is nearly 
(a)46 (0) 3.53 g 

(c) 0.47 ¢ (d) 3.06 g, 


= 


6 gelected Muttiple Choice Questions 


Answers/Explanations === 


Pore L 5 
ip) Rate of difusion = > i 12, (c) KRe T 
yyy iE Vene? PAT: 1602 1.7 13. (a) Tv 
(oor Wee 2 ne 
mont oF on TC" 
noe j T =3T = 3140 + 273) K 
Roe =9x519 K =939K 
2 1 =(939- 273/C = 666" 
qy2 471 = 4 X300 K = 1200 K c oon 
or M4. (ce) 2 4 | 32 


G. . fae fe z : 
a) G7 V ate 27a ~ V0 =e 4 

“ or C, =4 = 1 
rctual information., 1, = 4% Co, = 4% 400 ms 


(c) Fi = = 
(d) Absolute zero of temperature is that pail 
temperature at which all molecular motion ($ Jr 
‘ 2 

sates . 16. (6) P'=2+— 2 (acy? = 2p 
(a) Higher the temperature, more the a. pee 
i tecular motion, © 16. (a) PV uRT or Pe BRT ge p BR. 
(c) ‘The averuge kinetic energy is : NET 
proportional tu temperature. orp=HR. wh A 
ty = 200 K, P= T : 7 i Tan ' Where tan Ois the slope of the 
$o,"l'y = 600 Kor 327°C ee 

eT So, more the slope, lesser will be the pres- 
w Cs . 41 us! sure. 5 

‘ae 2. 60 
- ‘ 17. (c) P=5x jNm? 
i +16 +644 2 ’ fal 
* c +256 a 3” 3x107 
; “4 ._ 40 E 
; = B18 N mv? sx 10'Nm? 
18. (a) T, = 27+ 275 = 300K 
Tz = 927 + 273 = 1200K 

() Temperature isincreased by a factor of 4. So, 


Cis increased by a factor of 2 


fl Questions for Self Assessment 


fem «. VP? = constant 


2 3 * 
or v( me ] cexnstent or F zeonstant™ 
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te) 


100 


ais 
2 a Sica ae | 
(a) petact 
3 
or dC = constant or dT = constant 


Tj 201 273 +47 
To, 52.16 Tag K=20K 
(a) a ee ee | 
oe! N2wa-327 “2% 600-4 


or ¢ = (150-273)°C or ¢=- 123°C 


=uhtT or v= RT 


For the given data, Fr = constant 


Crd ohm x 
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13. 


14. 


. (a) (Cy = 


bey 
b) 
; petty 10 & fy 7 127 + 27 » 400K 
' 
() poy Or ted 9 ‘TT. 4 
T Tr lele Ea oo? or Ege tnoas ign 
spn 100, 1000 109 BT a7 B2x ey 
or v4 4 Te 280K SB2Ty 1977 y 
(ce) ve Wand Ce an Veeteateg? 
Vip » Pr ee 
11. 
c NE) ee RETEST 
fe . 1a - Leteoelg ara 
or C= 900 
ee #438 ms"! 


8 (Choc 


273 +t (“y= 
27 +t (8) 273 


4 7) 2 
25 x 273 x4 
or 273 +t= 
or t= Wx 273-273 -0%0 
@) (Cok = 5 (Cy) 
273+t 2 [273=3 
32 3 2 
273 +t 1, 270 
a 32 9" 2 
270 x 32 
or 273 +t= 18 
or 273 +¢= 480 
or ¢ = 480 - 273 = 207°C 
(a) Cana /273+90 _. [363 
c~ V273+27 ~ V300 


or C.vr=11 or S101 
c-C 
c 


or x 100 =0.1 x 100 =10 


18. (a), +mc?=247,c 


1 =4/34T 
2 20 Nm 
3x 1.38 x 10°3 x 273 
=f 241.8% 103x273 
5x 1077 


= 15x 10% ms} E 


=1l6cems" 


19. 


20. 


. (6) PV =uRT 


OS At low temperature, we have to 


consider only the translational degrees 
of freedom. 


.6T 
(d) Ve RTs 39g Ves 
6.9 4 W953. 
rs 5710" wp 10*674 


Percentage vi gus icaked out 
=H 100 = 4-3, 199-95 
b 4 
(a) For a constant value of density, pressure 
is more at Ty. 


T1>T2 (Pet 


-Pv 
ART 


22, 


25. 


(a) pe kT 
Mv 


Using Dalton’s law of partial pressures 


P [3-4]; 49430 
32 8 one 
83x IM «1H 


Nm 


2493-19 N mo? 
= 5% 10° Nm? (Py) 


()(Co,), + (o% some jt 


By [see aH paz + 100, 


or T= xa7ak =4263K 


(a) PV =yRT or PV = RT or P= mT 


Now, 20=mx300 and P= =x350 


Pe 350 
202x300 
or P= 20 0.583 atm = 11.67 atm 
(ec) PV=uRT or PV=— 
For the given data, mT = constant 
4(273 + 12) = m(273 


=0583 


or m=4 


ja 73536 


Mass of gas escaped = (4 - 3.53) g = 0.47 g. 
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HEAT AND THERMODYNAMIcg 
ee a 


[IMPORTANT FACTS AND FORMULAE, 
Loe 


LL. Number of degrees of freedom js siventy 


Important Points to Remember 


impor 


2. (i) In linear expansion, 
Iy=f( sat) 
(ii) In superficial expansion, 
S, = So(1 + fe) 
(iif) In cubical expansion, 
V,=Voll +9) 
3. Relationship between the three coefficients 
of expansion of a body 
a_Bly 
1°2°3 
or B=2a, 7 =3a 


4. Specific heat of, a material at any 
temperature is defined by 


<2 #8 
maT 


5. Molar specific heat is given by 
1dQ 


ee ndT 
6. Two specific heats of a gas are defined as 
C,=Me,, C,=Me, 
7. Number of moles, n “i 
8. Ratio of specific heats, = 7 
cu 

9. Thermal capacity = Mc 
10. ©,-C,=R° 


230 


12. 


13. 


14. 


15. 


17. 


18. 


N=3A-R 
where A is the number of particles 
system and R is the number of 
pendent relations. 


Of the 
inde. 


2 
yalte 


where 1 is the number of degrogs of 


freedom 

Equation of iosthermal process 
PV =constant 

Work donc in isothermal process 


Ve 
Wio = RT loge ye 
1 


= 2.3026 RT logio ve 
Vi: 
Adiabatic relations 
(i) PV’ = constant 
(ii) TV! = constant 
(iii) TT P!"7 = constant 
Slope of adiabatic is greater than slope of 
isotherm. 
Work done is adiabatic process 
Wadia = Cy (T; = Ta) 


R 
y-1 (T, -T2) 
Efficiency of carnot engine 
QT 
nel-~=1-= 
Qa 


DYNAMICS 
meno! 
iy 


jont of performance of refrigors 
coeffic lor 
ih Th 

§*T,-Ta 

icin of internal combustion engine 

40 £ v7 
nello 

Vi 


where P| Vy in the adiabatic compres 


sion ratio. 
Formula for heat flow in a conductor 
KA (0) ~ 0) ¢ 
aaa rae 


i 


ral) 


22. Kirchhotts law of heat radiation 
a 


—s 
a LN 


Stefan's law of black body radiation 
fs EsaT 
lere Eis 
the surface of back body page i 
abvolute temperature T. 
4. Wien’ displacement law 
AT ab 


24, 
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| Selected Multip! 


Choose the correct answer from the 


ing questions: 
ss » toa string. After some 

: ae a Peed that mass m moves 
up from its initial position. This 1s duc to 
(a) decrease in temperature 
(b) increase in temperature 
(c) the statement is wrong 
(d) change in humidity. * 

. Awire of length 1 m increases in length 
by 107 m when it is heated through 10 
degree celsius. The coefficient of volume 
expansion of the wire is 
(a) 2x 10% (b) 1x 10% 

(cd x 10% (dy 4x 10%. 

. A Carnot engine, with its cold body at 
17°C, has 50% ° efficiency. If the 
temperature of its hot body is now 
increased by 145°C, the efficiency 
becomes 
(a) 55% (b) 60% 

(c) 40% (d) 45%, 

The heat reservoir of an ideal Carnot 
engine is at 800 K and its sink is at 400 K. 
The amount of heat taken in it in one 
second to produce useful mechanical work 


at the rate of 750 Wis 
(a) 2250 J (6) 11255 
(c) 1500 J (d) 750 J. 


» A given mass of gas is subjected to an 
external pressure of 0.5 x 10!° Nm, If 
K = 10'° Nm”, the ratio of the density 
before and after applying the pressure is 
(a)1:1 (b) 152 
(c)2:1 (d) 134, 

The wavelength of maximum radiation 

from the moon is 14 x 10“ m. If the value 

oftheconstant in Wein's displacement law 
is 0.00293 mK, the surface temperature of 
moon is 


12. Which of the 


Emporium: Competitive Physics (Objcey 
a) 


¢ Choice Questions 


four alternatives given in cach of the Potion, 


(6) 146K 


(a) 209 K h 
(d) 103.5 K. 


(c) 227 K 


7. The specific heats of COz at CONStant prog 


sure and constant volume are 0,833 Ig 
and 0.641 J/kg K respectively, Iemoleane 
weight of COs is 44, what is the unive ir 
constant R? 8a] 
(a) 4.19 x 107 erp/cal (b) 848.8 d/gmvk 


(c) 8.448 J/moVK (d) 4.19 Seal, 


8. The specific heat at constant Pressure jg 


greater than that of the sam, Bas at 

constant volume because 7 

(a) at constant volume work is don 
expanding the gas 

(6) at constant pressure work is done in 
expanding the gas 

(c) the molecular attraction increases “ 
constant pressure mory 

{d) the molecular vibration increses more a 
constant pressure 


ein 


9. The freezing point of the liquid decreases 


when pressure is increased, if the liquid 
(a) expands while freezing 

(6) contracts while freezing 

(c) does not change in volume while freezing 
(d) None of these. 


10. Wien's displacement law is given by 


(a) Am, = constant (6) TA,, = constant 
{c)2,, T= constant (d)T=A,, = constant, 
. The absolute zero temperature in 
Fahrenhcit scale is 
(a) - 273° F 
(c)—460°F 


(b)- 32°F 

(d) - 132°F, 
following is not 
thermodynamical function ? 

(a) Work done (b) Gibb’s energy 
(c)Internalenergy — (d) Enthalpy. 


13. Two bodies A and B have thermal 


emissivities of 0.01 and 0.81 respectively. 
The outer surface areas of the two’ bodies 


20. 


rat Fength 2p Corresponding — to 

wave um spectral radiancy in the 
Paria differs from that of A, by 1.00 um. 
radia temperature of A is 5802 K 

wine temperature of B is 17406 K 

bane 21.5hm 

aoe emperature of B is 11604 °¢ 

te a temperature of B is 2901 K. 

: ery OW temperature, the specific heat 


ygubstance iS proportional to (where Tig 
ute temperature) 


psol 
ee wT 
(a 
2 (d) exp (-T) 
{e) T aed 


ate the work done if temperature is 


. pes ‘from 0°C to 200°C at 1 
Stmosphere (R=2cal K’) 
fa) 100 co! (b) 200 cal 
(e400 cal (d) 600 cal. 
“ite Carnot's Engine functions at source 
* temperature = = 127°C ; and sink 
temperature = 87°C, what is its efficiency ? 
(a) 10% (6) 25% 
(40% (d) 50%. 


What is the degree of freedom in case of a 
monoatomic gas ? 
(a)1 
()5 


(b)3 
(d) None of these. 


. Ifa Carnot engine is working with source 


temperature equal to 227°C and its sink 
temperature is at 87°C, its efficiency will 
be: 

(a) 20% 
(c) 28% 


(6) 10% 
(d) 50%. 


. Ifa black body radiates 10 calories per 


second at 227°C, it will radiate at 727°C : 
(a) 10cal per second (6) 80 cal per second 
(c) 160 cal per second - 

(d) None of these. 

First law of thermodynamics corresponds 
to 

(a) Conservation of energy ‘ 

(b) Heat Mow from hotter to cooler body 


, N0 TIER 
er 233 
' me, The two bodies emit total 


c 
are th power at the same’ rate, The 


(e) Law of conservation of angular momentum 
(d) Newton's law of cooling. 
Efficiency of Carnot's engine is (Input 


maPerature = Tj, Exhaust temperature = 
2 


T-T; a 
(a) Ty wt 

y T, 
OF az. 


The temperature of stars is determined by 
(2) Stefan's taw 

() Wien's displacement law 

(c) Kirchhoff's law 

(d) Ohm's law, 

In an adiabatic system, which is true 

(2) P'T™ = constant 
(8) PIT 7 = constant 
(c) PT! = constant 
Which js incorrect ? 
(a) In an isobaric process, dp = 0 
(6) In an isochoric process, AV = 0 
(c) In on isothermal process, AT = 0 
(d) In on adiabatic process, AQ = 0 


(d) P!7 TTeonstant 


» The temperature ofa black body increases 


from 327°C to 927°C. The initial energy 
being emitted per second is 2KJ. What is 


the final energy? 
(a) 32 KJ (b) 320 KJ 
(c) 1200 KJ. (d) None of these. - 


Two spheres of same metal have the same 
volume. But one is solid and the other is 
hollow. When the change in temperature 
of both of them is same, which of the 
following statements about the change in 
their diameters is true? 

(a) More for solid sphere 

(6) More for hollow sphere 

(c) Same for both spheres 

(d) It cannot be predicted. 

Which is incorrect ? 

(a) At isothermal process ST = 0 

(b) At isoboric process AP = 0 

(c) At isochoric process AV = 0 

(d) At adiabatic process 4Q = 0. 


Scanned with CamScanner 


2M 


2a If two concentric 
hollow spheres of 
radii ry andr3 (ry < n) 
having temperatures 
Tyand T;, the flow of 


heat will = be 
proportional to Fig. 
“hy 
ra yt 
ery nf 
Pye nity (d) None of these. 
mF 


mate range, 


he approxi 
29, The table lists the app f different 


accuracy and response time o 
types of thermometers. 


Range! K | Accuracy 


Which set of properties belongs to a ther- 
™ mocouple ? 
30. In the case of diatomic gas, the ratio of 
energy used for expansion and the heat 
supplied at constant pressure is 
(a) 2S (0) 37 
(27 (d) 57, 
31. The molar heat capacity of an ideal gas at 
constant pressure is greater than that at 
constant volume because 
(a) work has tobe done against intermolecular 
forces as the gas expands 

(6) work has to be done against extemal 
pressure asthe gas expands 

{e) the molecules in rotational kinetic 
energy as the gas expands 


(d) when the molecules are farther apart, they 


collide less frequently and the average 


molecular energy decreases 

(e) the molecules move faster when heat is 
supplied ot constant pressure than when 
supplicd at constant volume. 


32. A fixed mass of an ideal gas undergoes the 
change represented by XYZK below (Fig.2). 


Which one of the following sets could 
describe this of changes ? 
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J 


° 
3 
¥ 
© 
a 
ie} 
O Volume 
Fig, 2 
(a) isothermal adiabatic cormpry 
expansion compres Won ate: 
sion tant 
. Pres 
(6) adiabatic isothermal preva 
expansion compres Teduction 
sion constant 
. Volume 
(c) isothermal adiabatic» compre. 
, compres: expansion sion at con. 
sion slant 
Pressi 
(d) adiabatic isothermal pressun 
compres- expansion —_reduction 
sion constant 
volume 
(e) adiabatic isothermal comptes. 
compres oxpansion —_sion at con. 
sion atant 
Pressure 


33. With the usual notation, the firat law of 


“34. 


thermodynamics applied to one mole ofan 
ideal gas can be written in the following 
form: 

C, AT = 4Q-paV 
In a change for which Boyle's law is 


obeyed, which of the following would 
necessarily be zero? 


(a) AQ (b)C, 
(oT (d)p 
(e) AV. 


Two rods of the same length and areas of 
cross-section A; and A; have theirendsat * 
the same temperature. K; and Ky are the 
thermal conductivities of the two rods. 
The rate of flow ofheatis same in both the 
rods if 


wt 5 
ee wy Ata 
(al'x, Ko A ky : 
ey hh" KjKa (d) placed in bet cil, 
it is the length, A is the area of 
36+ ga -nection and K_ the thermal 
ernductivitys then the thermal resistance 
«rahe block is given by 
L 
ae (a Pig 4 ; 
A (c) Both spheres radiate electromagnetic 
at (sa. energy al Uhe same rate. 
t (d) The larger sphere bas a greater mean 


36. 


31. 


38. 


39. 


je Wien's constant b = 0.3 cm K, then the 
‘temperature ofthe Sun having maximum 
jntensity of radiation at 5000 4 
wavelength is 

() 5000 K (b) 6000 K 

(c) 4000 K ‘(a 700K. 

The maximum wavelength of radiation 
emitted at 2000 K is 4 pm. What will be 
the maximum wavelength of radiation 
emitted at 2400K? 

(a) 3.33 pm (0) 0.66 pm 

fea um (d)1m. 

Which of the following is the vq —T graph 
for a perfectly black body ? 


Fig. 3 
(b)B 


(aA 

(eC ad) D. 

Two metal spheres of different radii are in 

thermal contact in vacuum as shown in 

Fig.4. * 

The spheres are at the same temperature. 

Which statement must be correct ? 

{a) Each sphere has thesame internal energy. 

(b) There is no net transfer of thermal energy 
between the spheres. 


Over 


internal energy pr atom than the rmaller 
sphere. 

40. Which one of the following graphs best 
represents the way in which the total 
power P radiated by a black body depends 
upon the thermodynamic temperature T 
of the body ? 


P P. Pe 
I) 7 &G , Oo T 
a) fe) (c 
| - 

. 
T T 
i ° () 
Fig. 5 


41. The ends of well-lagzed copper bar of 
length Lare held at steady temperatures 
0; and 0; (0, > 0). 


SiS 


to. 
{) 


drat 


° 


@ (o) 
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ae 
vw 8 
la Z_ 
0 . 
%5 tT. 6 to. 
1 " 


Pie 6 

Which graph best represents the relation: 
ship between aQlds, the rate of flow of 
heat,and x, the distance fram the hot end 
when all temperatures in the bar are 
steady 7 

Which one of the sketches below correctly’ 
compares the distribution of radiated 
energy ofa grey’ body with that ofa black 
body at the same temperature ? (A grey” 
bedy ts ene that has an entissivity w hich 
ws less than unity and which ts 
independent of wavelength.) 


A3. 


ce) @ ) 
%, 
bce 
ver 
wavelength 
to) (0) 
Fig. 7 


The ends of a metal bar of constant 
cross-sectional iirea are maintained at 
temperatures Ty and Ty which are both 
higher than the temperature of the 
surroundings. If the bar is unlagyed, 
which one of the following sketches best 
represents the variation of temperature 
with distanee along the bar ? : 


y 
Y 


Emporium: Competitive Physica (Objectiy, \e 
e) 


K = N 


° 


45. 


stance 


dislanco tance 
a) » (d () 
YW n 
aan q 
o astanco Astancg 
(a) (e) 
Fig. & 


The filament of a lamp is maintained at 
temperature T by dissipation of clecirieg} 
power P, The surroundings are at 
temperature Tp. Given that o is the 
Stefan's constant and that the filament 
and surroundings behave as black bodies 
Whatis the effective radiating area ofthe 
filament ? 

(a) PAT -T) 

(ce) Pa (T - Ty) 
te Pat! = Ty). 
A copper bar is perfectly insulated along 
part/ ofits total length L, as shown in Fig. 
9. End X is maintained at temperature T, 
and end Yis maintained at temperature T, 
(T, > T.). - 


(b) Pio (T ~ Ty} 
@) Plo Tt 


Copper 
x bar Y 
Fig. 9 
Which onc of the following sketches shows 
the steady-state variation of temperature 


T with distance x measured fr 
the bar? aa 


Fig. 10 


distribution of the heat cnergy 

viated by the human body, shown in 

ra IL, is very similar to that of a black 
ee at the same temperature. 


e, 


Fig. 11 


Which one of the following is the most 
likely value for x? 7 


ta)8 nm (6)90nm 
(c)9000 nm (d)90 mm 
{c) 9000 mm. 


The ends ofan unlagged rod arc in contact 
with reservoirs maintained at 100°C and 
at 0° C through thin end-picces of a 


material of lower thermal conduclivity 
than the rod (Fig. 12) : 


end-piece 


100°C unlagged rod orc 


Fig. 12 


current 


237 


= Gre of tha following graphs best 
"presents the variation of temperature 


wi 
k : a between the faces of the 


Fig. 13 
Fig. 14 below shows a thin resistance wire 
MN which is attached to large copper 
supports and which is heated by an 
electric current Mowing in the direction 
shown. 


current 


Yi 
M N 
Fig. 14 
Assuming that heat loss 


predominantly through the ends 9: 
wire, which one of the following +: 
best represents thevariationof tre 
state temperature 0 along the wire 
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Pal 
ML nt 27°C Just jons for Self Assessment 
7 redfrom 49, A Jend bullet nt 27 moltx gti 
afunctionofthedistance x mene stopped by an obstacle, Avsuming que 
MN? 25% of heat is absorbed by the pha tt reel choic ‘ 
0 6 thon the velocity of the bullet wet, dicate the con rl e among the following option r 
! of striking is nenrly (Melting Poi ime In oadinks of air thermometer at org ke # (a), (b), (¢) and (d). 
lead = 327°C, specific heat of laa’ he °C are 50 id and 76 em of mercury ta * thermualmnamic temperature of the 
- 003 eal/g?"G, latent hent of fusion ht ond 108 expectively. The temperature at ‘when its pressure is p? 
2s wp eallg nnd d = 4.241 cal") lend aut ‘is reading is 80 cm of mercury a) 73 fe waa 2 
co ONG i m ~N ta) Ana! (H)1250 m gt wan e . w(z Is 
ta) “o7A Me! (b) 10°C 5 
(eh 107.5 m8 (cD None of the: el C (e) 273, 16( 222 a 
ne 0 7 = es (d) 120°C, silean Je a3 us 2 |x 
y (e) : istanceth 
Iatinum resistance thermometer (eo 73.36 222 
if \ when contact with ice, steam ond a on Pe |e 
is vids the resistances of platinum wire 7. A raph is plotted between the 
ee . vor are 2.56 nk vee sla Lemperature of a copper cube in °C versus 
mr eo we Oe oe, ON 5,06 on™ respective ly. The temperature “F. The sine of the angle made by the 
of the liquid is Sraph with *F axis is 
nee o (b) 250°C 2 
) 100°C wr 633 
par (d) 26°C, W106 Te 
( 7 4 
ws thermometers x and y have “ye os. 
' fundamental intervals of 80° and 120°, 8. Given :50°R, S0°F, 50°C and 50 K. Which 
Pr om when immersed in icc, they show the of the following represents the increasing 
te) $ readings of 20° and 30°, If y measures the order of these temperatures ? 
Fig. 15 temperature ofa body as 120°, thereading (a) 50 K, SO°F, 50°C, 50°R 
atx is (6) 50°R, 50°C, 50°F, 50 K 
(a) 55° (b) 65° (c) 50°F, 50°C, S0°R, 50 K 
(15 (d) 80°. (d) SO*F, 50 K, 50°C, S0°R. 


‘The temperature of a body on Kelvin scale 


aFahrenheit thermometer, it is found to 
be x°F. Then x is 

(a) 901.25 (8) 574.25 

(c)313 (d) 40, 
Athermometer has wrong calibration (of 
course at equal distancesand the capillary 
is of uniform diameter). It reads the 
melting point of ice as — 10°C. It reads 
60°C in place of 50°C. The temperature of 
boiling point of water on this scale is 

(a) 100°C (b) 130°C 

(od 110°C © (d) 120°C. 

. Afixed mass of an ideal gas is maintained 
at constant volume. The pressure of the 
Gasatthe triple point of water is p,,, What 


is found to bex K. When it is measured by” 


10. 


ll. 


. The fractional change in the period of a 


pendulumelockis — 


)daty—4F (8020-4) 


(aZair-1) (d) 2a (t,t). 


The density of a substance at 0°C is 10 ¢ 
cem™ and at 100°C, its density is 9.7 £ 
cm™, The coefficient of lincar expansion 
of substance is 

(a) 0.00017°C (b) 0.001°C 

(c) 0.0000L"C * (d) 0.17C. 


Asphere made of iron is rotating about its 
dinmeter as axis. a = 1x 10°C"! Irthe 
temperature rises by 100°C, the 
percentage increase in its moment of 
inertia is 


Scanned with CamScanner 


x0 
(a) 04% (b) 0.2% 
(08% (d) 0.002%. 


12 A solid occupies 1000 cm? at 20°C, Its 
volume becomes 1016.2 em’ at 320°C. 
CoeMicient of linear expansion of the 
matenal is . 

(ays tec? (6) 16x10 "C7 
(vids 10% ct (d) 36 x 10°C". 

13. A clock with a metal pendulum beating 
seconds keeps correct time at 0°C. If it 
loses 10 second a day at 20°C, the 
coefficient of linear expansion of metal of 
pendulum ts : 


Vig Voigt 
wgis'e wae 
ode (16x 10% °C", 


14. A clock which keeps correct time at 25°C 
has a pendulum made of a metal. The 
temperature falls to 0°C. If the coefficient 
of linear expansion of the metal is 1.9 x 
10S per *C, then number of second the 
clock gains per day is 
(c)10.253 (b) 20.52 s 
(2)30.75 s (dls. 

15. Two rods of lengths L; and /2 are made of 
materials whose coefficients of linear 
expansion are a, and a; respectively. If 
the difference between the two lengths is 
independent of temperature, then 


ha 
a aj (6) ho, = ta, 

hia 
(ope d) ay4l, = 0,71 
. iE (d) 0741, = ay"t,. 


16. The loss in weight of a solid when 
immersed in a liquid at 0°C is Wo and at 
C is W. If the coefficients of volume 
expansion of the solid and the liquid bey, 
and y, respectively, then 
(a) W= Wo [yy] (6) W= Wo [1+ (y, we) 
Wot 


(We 


17. A grid iron pendulum consists of 5 iron 
rods and 4 brass rods. What will be the 
length of each brass rod if the length of 


{d) W = Wo [1 =, - yx). 
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4) 
cach iron rod is 1 m2 (0.512 y i) 
Cyan = 20 10°C) hy 
(a) 071m (b)0.8 m 
(c)0.9 m (d)1.0m, 


18. The temperature of equal masgeg oti 
different liquids A, Band Care1n¢ 
and 28°C respectively. The temper et 
when A and Bare mixed is 16°¢ anda 
B and C are mixed is 23% hen 
temperature when A and Care mix N 


(a) 18.2°C (6) 20.3°C 
(c) 22.2°C (d) 24.20, 

19. One gr“m of icc is mixed with o} 
steam, After thermal equilib eee 
temperature of the mixture is » Ue 
(a) °C (b) 100°C 
(c) 55°C (d) 80°C, 


20. An airgun pellet of mass m and g if 
heat capacity c hits a steel plate at g, e, 
v. During the impact, 50% of the Peller, 
kinetic energy is converted to ¢| : 


th 
energy in the pellet. What is the al 


an 
temperature of the pellet ? ig 
2 2 
ar oe 
a 2 
vy me 
OE (d) ra 


21. Three liquids with masses my, mz man 


thoroughly mixed. If their specific heats 
ares, Sz, syand their temperatures are, 
92, Oy respectively, then the temperature 
of the mixture is . . 
‘@ 510, +5202 + 5303 
mys, + M383 + M353 
® 17810; + M820) + m35504 
mys, + my82 + myty 
(e MU101 + 38202 + 38405 
m0; + m02 + m305 
dy 7201+ 202 + 303 
810) +9702 + 530)” 

22. When a thermodynamic system is taken 
from state A to state B via path ACB 
(Fig. 16), 100 cal is given to the system 
and 60 cal worth work is done. Along the 


u 
iy 


qHickMODY NAMICS 
) 


ADB, the work done is worth 20 cal; 
pot! ak flowing into the system in this 


Oo 
Fig. 16 
{ay 120cal (6) 40 cal 
(ey MOdcall (d) 60 cal. 


Which onc of graphs below best illustrates 

. ihe relationship between internal cnerpy 
Vofan ideal gas and temperature T ofthe 
gasin K? : 


6 T O 
(a) () 
i) UI 
T T 
2 (c) ° ) 
Fig. 17 


24, Two identical containers A and B with 
frictionless pistuns contain the same ideal 
Bax at the same temperature and same 
volume V. The mass of the gas in Ais ima 
and that in B is my The gas.in each 


x 


Cylinder is now allowed i expand 
isathermally to the sare final velume 2V. 

ie changes in the pressure in A and B 
are found tobe AP and 1.5 OP respectively. 


en 
(o)Am,» Img D)Imgedny, 
e)Im, = Uy (d)Say, Amy 


25, When an ideal diatomic gas is heated at 
Constant pressure, the fraction of the heat 
energy supplied which increases the 


internal energy of the gasis 
2 3 
(ar rs 
3 5 
fos s 
os (ais Fy 


26. Ifone mole of a moncatomic gas (: = 3) 


is mixed with one mole of a triatornic gas 


| 1= ‘ . the value of 7 for the mixt. ~1* 


(a) 1.40 
fe) 1.53 


(b) 1.44 

(d) 3.07. 

21. Iffbe the number of degrees of freedom of 
a gas molecule, then the ratio of the 


C 
specific heats c is given by 


ater wi-t 

2 2 
t-5 (diet. 
ic) 1 oF 


28. From what height should a piece of ice fall 
so that it melts completely ? (Given : 
one-quarter of the heat produced is 
absorbed by ice and latent heat is L) 


L 2L 
L 2 
me A 
aL. 4L 
= (dy—. 
Libr ; 


29. The P-V graph for a thermodynamical 
system is shown in Fig. 18. The work done 
by the system in the process A to Bis 
(a) 905 (6) 603 
110d (d)30J. 
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ef. 

Ss 

ae 
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3 r4 

a : a 
6 12 

3 
Volume V (in my) ——> 

Fig. 18 


30. A gas at pressure P is adiabatieally 


31. 


32, 


compressed se that its density becomes 
twice that of initial value. Given that the 
ratio ofspecificheats at constant pressure 
and constant volume is 7/5. What will be 
the final pressure of the gas ? 

{a)T" (b)2P 


Ww 


(ce) 2.6 P di. 


An ideal gas is taken through series of 
changes represented in Fiz. 19. The net 
work donc by thegasatthe end of theeyele 
is equal to 


Fig. 19 


ta PY, 
(ce) 6P\V, 


(O)3P,V, 

(HPV. - 

Four curves A, B, C and,D are drawn in 
the Fig. 29 for a given amount of gas. The 
cures which represent adiabatic and 
isothermal changes are 

(a) Cand D respectively 

(b) DandC respectively 
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fe) 


< 


s Fig. 20 
(cA and B respectively 
(d) B and A respectively, 
33. Anideal gas is taken through the tle 


B-»C-—A, as shown in the Fig. 21 It | 


net heat supplicd to the gas in th 
5J, the work done by the gas inth, 
Cr Ais 


Ceyela;, 


P (N/m') ——» 10 


Fig, 21 
(b)- 10) 
td) = 205, 

34, When acharged particle passes througha 
liquid-hydrogen bubble chamber, ions are 
formed along its track. If the pressure is 
suddenly dropped when the Particle 
traverses the chamber so that the liquid 
hydrogen reaches its boiling point, boiling 
occurs preferentially around the ions and 
the track can be observed. The graph 
below (Fig. 22) shows a pressure 
temperature diagram for hydrogen. 


(a= 
(e)- 15) 


ec, Proce 


35. 


36. 


1390 332 the 


Fig. 22 
The pressure in certain bubble chamber is 
dropped from 600 kPa to 400 kPa. For 
boiling to occur during the decrease in 
pressures the temperature must be main- 
tained in the range 
{a) 13.6 K to 27.4 K 
{c127.4 K to 30.0 K 
(¢) 30.0 K to 33.2 K. 
An ideal mono- 
atomic gas is 


(b) 13.8 Kt030.0K 
(2) 274 K to33.2k 


SPV + 3R,aVv 


C io) 


taken round the 
cycle ABCDA as 
shown in P-V 
dia- gram shown 
in Fig. 23. The 
work done dur- 
ing the cycle is 
Ww PV 

(hy 2PV 

(PV 

Uf zero. 

A system changes from the state (P), Vy) 
tu (Pz, Vy) as shown in the Fig. 24. The 
work done by the systemis | 


Fig. 23 


—P Volume in metre! 


37, 


38, 


(ed BTC 


ee a 


(754 10g 
(12s 10%y 


(0) 7.59 10’ erg 

(d) 64108 J. 

A monoatomue ideal gas initially at 17°C 
1s suddenly compressed to one-eighth of 


itsoriginal volume. The temperature after 
compression is 
(al ize tH) 1GC 

(d) None of these. 

For an isothermal expansion of a perfect 


88s, the value of 2 is equal to 


23V 

(ay- y= ws-38 
wv av 

ad fe US air 


Which of the following graphs correctly 
Fepresents the variation of B= -(dVW/idPYV 
with P for an ideal gas at constant 
temperature ? 


1 ‘ 
i - 
P 
() 
u i 
P P 
() cl) 
Fig. 25 
40. A sample of an ideal gas initially having 


internal energy U, is allowed to expand 
adiabatically performiny external work 
W. Heat Q is then supplied to it, keeping 
thevulumeconstant at its new value, until 
the pressure rises toits original value. The 
internal enengy is then Uz. (Sce Fig. 26) 
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’ 
£ 
& 
voune —— 
Fig 26 
The increase in internal energy: U;—Uj is 
equal to 
lel sero ww 
fQ (d)Q-W 
laW-Q 


‘An ideal gas of mass m ina state A goes 
to another state B via three different 
processes as shown in Fig, 27, If Qu. Q 
and Q, denote the heat'absorbed by the 
gas along the three paths, then 


Pe 


7 Vy 
Fig. 27 voit 

10Q,<Q<Q (6)Q)<Q:2Q3 

()Q, =Q,>Q) (d)Q,>Q,>Qy- 


. Agas undergoes the cycle of pressure and 


volume changes W4X4Y3.27W 
shown in Fig. 28. 


4 

eT _! 

22 

5 

7 os 
of 4 
volume/10™ 


a 


What ie the net work done by the " diflerones ee ee 
muy ti all is WC The 
(a) - 6004 (b) 2000 I ee MUP diflarenen veroms the layer A 
(a -200) ,, (d).6003 oe 
(od ae VEG 
43. A fixed mass of ideal gas unde, ‘arc wien 


41, Whieh of the fot 


changes of pressure and volume *artig 
the tame rns 
° metal 


at L, as shown in Fig. 29. crwing cylindrical rota of 


has the hoghest rate of 


pressureta Neve ont 9. 9 
ith dime hea The rots have equal 
a ce of tempmrytuen between their 


YING “mn? ride 


Fi Me lmicet em 
“il etmre 


at which point is the gas covlext and hut. 44. In Q 47. the 
F 2 thee ber 


Wiletemrelem 


Wtedlmretem 
st rate of flow of heat 


Aes for 
coulest Aette (OMe 2m e eh em ‘ 2 
7 simmer elem 
0 0001 (a) , x (Metmeotem tlletmeetem 
rs) Z Ad. Threw rods mare 
Fig. 29 wo Y x as am or 
Which graph shows how temperature ae ¥ Swerawiee ' 
(measured in kelvin) changes wit, Maxed mass of gas undergoes the cycle of penne th aoe 
volume ? 45. changes represented by PQRSP as shown heen we 
in Fig. 32. In some of the changes, work is ieakows air ee 
enang' “ In the 
‘ donconthe gas and innthers, work is done Fig.33. Each re Yeu 
by the gas. ts of the came length. The left and frght 


ends are kept at orc and 90°C respective- 
ly. The temperature of the yunction of the 


temperature 
temperature 


three rods will be 
r : (a) 45°C 1b) EC 
= g (30°C (a) 20°C. 
(a) -  @) % 50. Two ident 
i + Two identical rods of a metal are welded 


as shown in Fig. 34 (a). 20 cal ofheat fluws 
through them in 4 minute. Ifthe fods are 


s M nN = welded as shown in Fig. 34 (b), then the 
a oy z Toluma’ same amount of heat will flow in 
z L é Fig. 32 
2 = In which pair of the changes is work done oe 100°C 
volume volume cathe gas? 
(c) (0) , (a) PQ and RS (b) PQ and QR ta) 
Fig. 30 (ec) QR and RS (d) QRand SP 
44, A mass of an idcal gas of volume V at (elRS and SP. 
pressure p undergoes the cycle of changes 46. Awall is made of two equally thick layers 
shown in the graph A and B of different materials. The 
thermal conductivity of A is twice that of 
B. In the steady state, the temperature ) 
Fig 34 
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. Two rods of 


{hy 2 minute 

(d) 16 minute, 
same length and material 
transfer a given amount of heat in 12 
second, when they are joined as slows uy 
Fig. 35 (i), But when they are joine i 
shown in Fig. 35 (ti), then they wi 
transfer same heat in same conditions in 


E383 


fay) minute 


fe) Aminute 


(i) (nw) 
Fig. 35 
(a) 24s (13s 
ter IS s UDAS s. 


. The graph shows now temperature varies 


with necalongawell-insulated metal 
red which is conducting thermal energy at 
a Steady rate. The slope of this graph is 
the temperature gradient. 


/ 


temperature 1 —> 


stance along rod (L) —» 
Fig. 16 
There is an analogy between electrical 


conduction and thermal energy conduc: 
tion, 


» [fan equivalent electrical-graph were to 


be drawn, which electrical quantity, when 
plotted ogainst distance along the rod, 
would haye the slope shown ? 


Hlectrieul quantity Slope 

(a) charge current 

th) potential potential gradient 
(co) potentialdifference resistance 

(2) current 


current gradient. 
The temperature of a liquid drops from 
365 K to 361 K in 2 minute. The time 
during which temperature of the liquid 
drops from 344 K to 342K is(Temperature 
of room is 293 K.) 


ve! 
100 


rc! ve 
190 100 
al al 
Lowe 


a 


ly AT 
J 

(a) 84s (W)72n 

ieee woos 
54. A composite rod of uniform Cross. 


» A parallel-sided slab is made of two 


p THERMODYNAMICS 
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has copper and aluminium Sections 
same length in yood thermal conta 
ends of the rod, which is wellla 
maintained at 100°C and at0°C gy wt 
in the diagram (Fig. 37). The ro 
conductivity of copper is twice thar 
aluminium. ct 


‘ i aluminium 
100'C loc Fig. 39 
SITITTIT TTP PITEPETTT ITTY What fraction of the total heat now 
: through the slab passes through material 
a x? 
Fig. 37 «at (5 
Which one of the fullowing graphs ro tl say? 
sents the variation of temperature ¢ yi {ey als 
distance x along the rod in the Steady te. 
state? ‘ 4 . ; 
56. Metal rods X and Y of identical 


cross-sectional a have lengths 60 em 
and 30 em re> ly. They are made of 
metals of thermal conductivities 4x and 
dy. They are well-lagged and joined 
end-to-end as shown in the diagram. One 
end of X is maintained at 100°C and the 
opposite end of Y is maintained at 0'C. 


1 
ol 

ot ae oe tS 

ws ) « 


ve 


i os 
100 ve When steady conditions have been 
reached, the temperature of the junctiun 
ais found to be 25°C. 
ae. o jee Og ON 
; ut tS ' . 
“ te) 


on oc 
LL 


Fig, 38 


Fig. 10 


different materials. The upper half of the 
slab is made of material X, of thermal 


dhe 
What is the value ofs ? 
conductivity A ; the lower half is made of 


material Y, of thermal conductivity 24. (a4 wz 
In the steady state, the left hand face of ee 
the composite slab is at a higher, uniform (9 22 ws 
temperature than the right-hand face. a 
and the flow of heat through the slab is (26. 


parallel to its shortest sides. 


x7 


57, Thediagram below shows rods ofthe same 
size of two different materials P and Q 
Placed end tn end in thermal contact nnd 
heavily lagged at their sides. The outer 
ends of P and Qare kept at 0°C and 100°C, 
respectively, The thermal conductivity of 
P is four times that of Q. 


taggrg 


Fig. 41 


What is the steady-state temperature of 
the interface ? 


(a) 20°C (75°C 
(e) 25°C Wh src 
te) 50°C. 


58. PQisa fully-lagged metal bar, containing 


asection XY ofa maternal of lower thermal 
conductivity. The thermal conductivities 
af the two materials are independent of 
temperature. Ends P and Q_= are 


maintained at different temperatures. 


Fig. 42 

In the steady state, the temperature dif- 
ference across XY would be independent 
of 
(a) the temperature difference between P and 
“ Q 
(b) the metal of which the bar is made 
{e) the thickness of the section XY 
(d) the material of the section XY 
{e) the distance of the section XY from the end 

P. 
Radiation from a black body at the 
thermodynamic temperature T, is 
measured by a small detector at distance 
d, from it. When the temperature 1s 
increased to T; and the distance tod , the 
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59. 


60. 


power received by the detector is 
unchanged. What is the ratio dydy? 


ley 


Two bars of equal length and the same 
cross-sectional area but of different 
thermal conductivities, ky and k 
joined end to end as shown in Fig. 43. One 
‘end of the composite bar is maintained at 
temperature T, whereas the opposite end 
is held at T, . 
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i" 
aa meas ar Roa 


Fig. 19 ' 
If there are no heat losses from the Side 
of the bars, the temperature T, of the 
junction is given by 


hy 
tb) kyt realy +T) 
Ry Ra nee dh, 
or ar Ry MT + har 


te) BUT) #ALT). 


ort 


a 


3. 


- (a) AT =b or T 


po THERMODYNAMICS 
A 


249 


Answers/Explanations =— 
elect ed Multiple Choice Questions 


(a) Contraction of string due to decrease in 
temperature. . 
(c) ty = lp (1 +.at) = lo 4 Igae 
or loot =-ly 
h-lo_ 10" 
or Ft Tx ae 
r=30=3% 1061 


T2 1 273417 , 
el-gigzl-= 21-20 
(on T,'2 Ty, 1 Ty 


= 10% 1 


290 21. 


ii 
or “py 372° T= 680K 


ae T._, 273417 
againn’= L—ay = 1-550 Tae 
290 _ 725-290 . 
"725° 725 


35, 73, 435 
=e orn is Fog * 100 or 60% 


3! 
25 


760 x 800 


= Fo0 400 7 780% 2 = 1600 


AP OV _AP 05x10! 1 
(6) K av” VK" 2 
Vv 

Clearly, volume is halved ; moreover massis 
unchanged, density is doubled 
6 0.00291 

sR 
Mts tu” 


_ 293x 10° 


sie K = 209.3 = 209 K 
x 


s (c) cp —cy =r, 0.833 - 0.641 =r 


or r=0.192; R= Mr =44 x 0.192 J/mol/K 
= 8.448 J/moVK. 


. (6) No work is done when the gas is heated 


to constant volume. 


9. (6) Pactual information. 


10, 


MW. (ey F=32_ 


12, 


13. 


M4, 


15. 
16. 


Ww. 


18. 


(c) Pactual information, 
22273 
180 “100 *“t00 
or P-32=- 273 a9 
100“ 180 =-491.4 


P=~4914 +32 =-4594 = 460 


(a) Work done is not regarded as a 
thermodynamical function. 


wo 
Weer ssoTsertel 2 Ts 
‘A 
vw 

0.81 
or To(Gat| Ta = (81) Tg =3 Ts; 
InB— Ima = Lm 
OF nA = AmB —1;Ams Ta = Amp; on solving 
dap = 15pm. 


(a) At low temperatures, the variation of 
Specific heat with temperature is linear. So, 
the corresponding graph is linear. However 
slopes aredifferent for different graphs. The, 
slope is least in the case of diamond and 

Steepest in the case of lead. 

(c) dW = PdV = RAT = 2x 200 cal = 400 cal. 

(a) T, = (273 + 127) K = 400 K, 

Tz = (273 + 87) K = 360 K 


1 
don= 10” 100 = 10% 
(b) A mono atomic gas has only three 
translational degrees of freedom. 


213+87 |, _360_M0_ 7 
273 + 227 


(c) n= l- 


o> x 100= 28 
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24, 


26. 


_ On simplification, Qe x 


(ed Ty @ 274 6 227 = GOO K 
Tz* = 1000 K, T doubled 


72 


Beaty. Be Th, 


or Ee 1GE 
or B= 16 10 cal st = 160 cals! 
(a) First law of thermodynamics 1s 4 
restatement of the law of conservation of 
energy. 

Tz T)-Ty 
tay n= da 2 aoa 
(b) Wien’s displacement Jaw is used to 
determine temperature of stars, 
(d) Adiabatic relation belween pressure and 
temperature is P!T'T" = constant, 
(6) In an isochoric process, AV = 0 
(a) Ty = (273 6.327) K = 600 K ; 
Ty = (273 + 927)K = 1200 K 
Tis tloubled. Bis increased by a factor of 16. 


(c) Same coefficient of expansion, same 
original and same rise of 
lemperature. 


volume 


(el) Inn adiabatic process, AQ = 0. 


(a) Qe KA 2 9 cane; 


dr 


ee 2 dT 
Q= = K(dnr’ ers 


rire 

gery 

(b) Types of thermometers corresponding to 
the accurucy and response time are listed 
below, 
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Range! | Accuracy | Response 
time 
a g—1750 | very long. constant. 
pond volume gag 
| 
b | 36-1750 | average short 
¢ | 75-1550 | good long platinum 
resistance 
[| sa0—ci0 | wor [rvston | 
a | 230—630 | poor medium | mercury in 
L glass 


30. (c) Energy uscd for expansion = PdV 5 pgp , 
Heat supplied at constant préssure 


(8) Molar heat capacity of an ideal gas at 
constant volume is the heat required to 
warm onc mole of gas through one degree 
when its volume is kept constant. 


31. 


By First Inw of thermodynamics, since no 
external work is done by the gas, all the heat 
supplied yoes wholly to increase the internal 
energy U. That is, far one mole of gas 
warmed through 1 K, 


U=C, . 
piston lixed 
— Cc, 
' Tate 
Fig. 44 


On the other hand, molar heat capacity ofan 
ideal gas at constant pressure is the heat 
required to warm one mole of it by one degree 
when its pressure is kept constant, Since the 
temperature rise of the gus is 1 K, the internal 
energy of the gas is increased by C,, 


(HCRMODYNAMICS 


= 


5) AND 
et 


32. 


. (6) Q= 


Fig. 45 


By the First Jaw of thermodynamics, Q = 
ue pAv ‘The total ‘mount of heat required 


to warm the as at constant Pressure is 


therefore, 
Cy = Cy + ptVg- Vy) 


where | V9 = R(T; + 1) 


a C,=Cy +h. 

Thus, Gy 1s Rreater thun C, because work 
has to be done - 

p(V2- V,) = R] against external pressure as 
the gas expands. 

(c) Thereare three different processes here, 


namely the tsothermal change, adiabatic 
change and change at constant pressure, 


The curve for adiabatic change is steeper 
than that for isothermal change, therefore 
curve XY is the one for adiabatic change and 
YZ has to be the one for isothermal change. 
Hence, curve YZis the isothermal expansion 
of the gas. Curve ZY is the compression of 
gas al constant pressure and curve XY is the 


adiabatic compression of the gas 


{c) Boyle’s law states that 


The pressure of u given muss of gas,al 
constant tempernture, is inversely 


proportional to its volume, or PV = 
constant. 


Since temperature is kept constant, DT = 0 
in the equation for the first law of ther- 
modynamics. 

KA(Q, ~ (\t Q KA(0, - 03) 
—— 6 17 d 


36. 


39. 


40. 


In the given problem, a +0, -0;)andd are 
constants 


KA = constant 

“ Aik 
Ar Ky 

() qe KAO=O% | Q_ o1-0, 
‘ 1” U/KA 


Compare with }= % 
e with J R 


So, thermal resistance = a 


(8) 5000 10” To03% 107 
03%107 


o Ts 
5000 x 107! 
310! 
= EAI = 200 k = 6000 K 
5 
ta) xT _ 2000 5 
Im T 2800-6 


5 210 
dn = gt thm == um = um = 332 ym 
(6) 


AmT = constant 
1 


or Te 


or, T= V_ 


(6) Thermal conduction in metal from one 
Point to another occurs if there is 
temperature difference between these two 
points as described in the following 
equation, 


Q yy 2-0 
t 


d 


Since the (wo spheres are in thermal equi- 
librium (same temperature), there is no net 
Uransfer of thermal energy between them as 


Qo 


(c) The total power radiated by a black body 
of area A at temperature T K is given by 
P=AaT! 
where a = Stefan’s constant 
257x108 Wm? K4, 
which is best represented in graph (c). 


———— 
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. (e) Alsteady state condition, tho rateof heat 


flow along the copper bar isa constant given 
by 


where K = thermal conductivity of copper 
bar, 
‘A= cross-sectional area of copper 
bar, 


L= length of bar, 
and (Jj, Q)= temperatures at ends of bar. 


Thus, it is a honzontal line as represented 
in graph e. 


. (a) A black body is a good radiator und 


absorber of almost all the radiation that falls 
upon it, At the same temperature and 
wavelength of radiation, a black body thus 
radiates more energy than a ‘grey’ body, The 
emissivity of the black body is almost unity 
whereas that of the ‘yrey" body is much less. 
The peak height of the curve of radiated 
energy of cither a black body or ‘grey’ body 
is n function of temperature T. 


Atthesame temperature, the radiation peak 
occurs ol ),,, the same wavelength for both 
the black body and the ‘grry' body. 

Thus, graph ‘a’ correctly compares the dis- 
tribution of radiated energy of a ‘grey’ body 


with that of a black body at the same 
temperature. 


(ce) If metal bar is well lagged with a bad 
conductor, its fall 


temperature 


will 


Emporium: Competitive Physica (Objccting 
) 


44, 


45, 


uniformly from tho hot to tho cold on 


d 
shown in Fig, 46. “ 


In the unlogged bar, heat escapes trom | 
sides, by convection to the surroundip, 
Thus, the temperature falls more mpidly r, 
the beginning than the well-lngged thes a 
the temperatures are still maintained 7 

and Tz at the ends, the temperature ail 1 
tion is then given by ia. 


unlagged 


Fig. 47 


(d) The energy per second Py radiated from 
the black body of effective radiating area A 
at temperature T is given by 

P,=AoT* 
where ois the Stefan's constant. 
The heat Pp absorbed from the surroundings 
at temperature Tp is given by 


Po=AcTy! 


ll) 


oul) 
In this case, from Prevost's theory, electrical 
power from source, P = net energy per second 
radiated by the black body. 


P=P,-Po=AatT*—Tp') 


P 
A=—*— 
o(T! - To‘) 


(d) For the length! from X, the copper baris 
well lagged so that negligible heat is lost 
through its sides. Thus, by the equation of 
rate of heat flow, the temperature variation 
along the bar is uniform. Beyond this length 
of /, the copper bar is unlagged and. hence 
heat escapes from its sides. Temperature 
drop willbe more rapid and the temperature 
curve is expected to concave towards the 


\ 


46 


4. 


i Questions for Self Assessment 


L 


ND | leet 


yontal axis of distance. Thus 
ature curve for the copper be 
repreeented ingraphd. 
From Wien's displacement law, 
On AT # 2.94107) mK 
Human body temperature, 
P2273 +37 = 310K 
2.9107 
thm ® 310 


or about 9000 nm. 


(a) From the equation of rate of heat flow, 
wo have 


the 
Pin beat 


= 9365 nm 


do 
pA 


where 
Kis the thermal conductivity of the Metal, 


Ais the cross-sectional area of themetal rod, 


Bis the temperature gradient along the rod, 


30 - 
or (= 52x10 = 120°C 


US For air thermometers 


Pu-Po 
100 - Po 
R,-Ro _ 5,06 - 2.56 
2. (b) €= Br By 100-9 56-256 * 100 
i 23 x 100 = 250°C 
: x-20 120-30 90 3 
3) Go = 120 1204 
or ss or x=20+60=80 
x-273_x-32  x-273_x-32 
4 ©) T00 = eo 58 


or 4x=4+273x9-5x32 
or 4x = 2457 — 160 = 2297 or x = 574.25 


49. 


(8) 


ie ee te 


A 
wt 253 
pol 


fe Cnd-pieees conduct penrly. So, Ueir 
iarature gradients are steep. The un- 
4tztd rk ones beat along the uides. So, the 

Uumperature gradient curves downward. 


te) ‘The heat dissipation per second in the 
thin wire due to current flow is given by 
PeiR 
where Ris the resistance in the wire. 
Sincy the heat loss occurs predominantly 
through the ends of the wire therefore the 
thermal conductivity at the ends is higher 
than that in the centre of the wire. Thus, 
heatescapes much easier atends than atthe 
Centre and thus temperature rise at the ends 
is less than the points at the centre of wire. 
‘The only graph that best represents this 
temperature variation is given in graphe. 
(a) 


2 ,, 0 
100 x+10 


(b) 


«i 
2 


x-(-10) 
or x+10=140 or r=130°C 


Using the constant-volume gas 
thermometer, the gas pressure py, is 
measured at the triple point of water, 
273.16 K.I{the pressure is p at an unknown 
lemperature T on the thermodynamic scale, 
then by gas laws, 


Wee 2 
pe«T or Tbe 


t-21, =270.16| > |K 
Pe Pu 


that 


Fig. 48 
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10. 


il. 


12, 


13, 


500 


or Ka dtd ore 273 6 625 # 395.6 
(ce) Teds ! 
era {! 
- & 
it 
Teon 


& 
ret{iepeu-n| 


1 
E-tadatg-t) 


(a) dy =d(1+3at) 
10 = 9.7(1 + 3a x 100) 


10 L_ 

* ay? fate 
0.3 Pa 
or = 07x 300 = 2000LC 


(6) Percentage increase in radius 
= atx 100 = 10-$ x 100 x 100 = 0.1 


Percentage increase in (radius) 
=2x01=0.2... 
This is the same as percentage increase in 


moment ot inertia [ T= MR? 


(a) 1016.2 = 1000(1 + yx 300) 


jr Ff 1016.2 | are, 
Y=! “tooo 300 


= 54x 1075 254% 10°F 
a= 3 =18%'10 ch 
(6) Time lost in one day 2 2d x 66400 
or 1024x020 x 86400 


or 


To . 0 
1d, (b) Ths lay 
A ee 
Tay” Vito + aha) 
Te 1, 
or yt tng ta 
Toy 2 4 Tas To 
° Ths 2 Ths“ 34X25 
» gainin Wed ax 2s 
«gain per day 
; 3 
Bx 10x 10 x25 x 864008 = 2959, 
16. (a) 4h = ty ay At 
Alp = 12 at At 
Al, ~ Alp = 0 
hay At=lpay At or {1% 
ary 
16, (b) Loss in weight = Weight of liquig 
displaced 
W _ Ved 
Wo Vodo 
vr do 
But Wore and gt lot 
W ity Ww 
Wo" Tt yt or Wo B(1 + YAX1-y0) 
Wii it + yt (Neglecti 
or Wot tow + eglecting y,y) 
Ww 
or Wee 1+(y-yNt 
or = W=Woll + (y,-yptl 
17, (c) There are 5 iron rods and 4 brass rods in 


the pendulum, The number of iron rods in 

one half of the pendulum including ,the 

central rod js 3. The number of brass rods 

is 2. A 

Since the pendulum is compensated, 
Mbyraas = Miron 


Shay 
2: = Blyaye 
oF Bees Bhat er WaT 


~3x1% 12x 10% 


= m=09m 
2x20x10% 


at wn — 
1) when Anand Ware Mixed, 
( mSp (19 ~ 16) = m8, (15 ~ 12) 
ISp = A5, ty 
when Bond C are mixed, 
mSp (25 ~ 19) = mB¢ (28 ~ 23) 
48n = 65 2 
When And Care mixed, ter 
mS, (T ~ 12) = mc (25 ~ T) 
Sa _28-T 
of Sc T-12 13) 
pividing (1) by (2), 


20. 


21, 


4Sq 98n 3g S35 a5 
Bc Sn 4” S074 47 ae 


(9), 48 = BT 

From eqn: 76 P40 
15T + 16T = 16x 28+ 18x12 
SIT = 448 + 180 = 628 


or 
»_ 628 
o Ts 31 = 20.3° 


(b) Heat required to melt 1 g of ice at rc 


"into 1g of water at O°C is 80 cal, 


Heat required to convert 1 g of water at wc 
into g of water at 100°C = 1x 1x 100 = 
100 cal 
Heat required to condense 1 g of steam 

> = 1x 640 cal = 540 cal. 
Clearly, whole of steam is not condensed, So, 
temperature of the mixture is 100°C. 


(c) Thermal energy in the pellet is 


Q=4 (kinetic energy of the pellet) 


otf 1 ny?) omy? 

= ( 2 mu’ ): qm 
Tho rise in temperature of the pellet, 0, is 
given by 

a 

v' 
* on 


(6) Total heat lost by the three liquids, when 
their temperatures fall to 0°C 


me0=Q => me0 = 4 mo? 


= mys 01 + mgso0o + mgs403. 
Ift is the final temperature, then the total 


heat gained when the temperature in- 
creases from 0°C to ¢°C 


255 


“Mls mat emypy 
te TN + may + my 
SH t may + myn 
Ms, + my em Wy 
2 UIA isthe ; 


ts the ware done by tha gas, then aU 
feet~ SY. That lends tn 100) 2-20 ox 


Since Uye is unique) That lends tor Deal, 
(a) For an ideal Has, the internal energy is 


the total fanatic energy of the random 
Motion of the molecules. 


23. 


(e) OPAV + Pra» TA aT Rao 
3 SPV =P, ay 


APoV+ PpaV= “2 aTR=0 


= SPaV s- Pav 


SPa Pa mA AP 
4P3 "Py" ma * 
ad 2mg = Im, 
(@) AU = UCT; 4Q = 4C, aT 
au G1 1s 
1/5" 


™ 
gk 
154P mg 


6 
RT+=RT 
26. (8) u-2 2 Ser 


o. + 13 
Cyaan e gi C,=Cy+R=—R 
C13 

2,3, 

Cla at al 


27, w U=LRt:c,-U LR 


28. Cj (mah =mb or h =e 


ES In this problem, it is understood 
that Lis in SI units. 
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Differentiating, 


2a 


g 
2 


37. 


38. 


39. 


Wap = Area of traperit between AN 
ans 


(a) 


- Vine 16d Pd 
Ye pds ot) 
() 
yea 
ws | logy 22 log 4 
eax vs 


logy = 0.1204 
| y= 13195 


a 2a 13ss 226 


2. ov, x 3Py = 3P,Vy 


(c) Adiabatic is steeper than isothermal. 
(a) Fer cyclic process, 

Qacie = Was + Wac + Wea 

5=10+0+ Wea 

er Wea= 5d 
(c) For boiling to occur during the decrease 
in pressure from 600 kPa to $00 kPa, the © 
temperature must be maintained in such a 
wey that the state of the hydrogen falls on 
the liquid-vapour line in the diagram. Thus 
the temperature range is 27.4 K to 30.0 K. 


(ec) Work done = 2Vx2P=4 PV 


(Wed tte10%+5x10%4d 
=2x6x10°J=12x 10° 
(c) TV" = constant 


5 By 
ona 
(273+ 17) V3 -(5f 


or §=629 84-7 


or T=200x4K=1160K 
or t = (1160 - 273°C = 887°C 
(6) PV = constant 
PAV+VAP=0 
et VAP =— PAV or r.-4 
(a) Since temperature is constant, ' 
PV =constant 


40. 


41, 


42, 


43, 


Pave Vd? 0 


or dV =VaP o Py, 
' a 
or Pe Ty— _~Oor p,yl 
dV ae 
(ap yw A 


So, graph between Pand Pisah < 
(d) Since the gas expands adia, 
performs oxternal work W, pi 
First law of thermodynamics, the get 
in internal energy is given by Srey 
Q=aU+dW = Onay, 
er aU=-W i) 
Next, heat Q is supplied to the gas an 
keeping the volume constant, All the hy 
supplied is used to increase the gas intra 
energy: 
Thatis AQ=4U+A4W=AU + pay 
= Q=AU+0 (ay =0) 
or AU=Q (2 
Thus, total increase in internal cnergyotg 
is 
U2 —U, = AU (in (1)) + AU (in (2)) 
=Q-W 
(a) dQ=dU+dW 
Since dU depends upon initial and final con. 
ditions therefore dU is same for all three 
curves. 
dW3>dW2>dW; = dQ3>dQ.>dQ 
= Q1<Q<Q 
(6) The net work done by the gas is positive 
and is given by the enclosed area defined by 
WXYZ. 
Thus, the net work done is 
AW = (3x 10°~2 x 10°X3 x 10° 1x.10%) 
= (1x 10°X2x 10~) = 2x 10? or 200) 
(8) Applying the equation of state, 
2.0 x 10° x 0.003 _ 2.0 10° x 0,001 
Tm TL 
= Ty=aTy 


45. 


HH MONY NAMES 


wl 

0.005 20 1 +0099 
Ty 

Ty OG7Ty or Ty #4 Ty 


eo H 
re For a mole of an ideal gas, the equation 


We saute | 


pV eit 


Vv . 
tT. oc which is proportional tothe 
product pV 


pV = (4 105K) 410°) 240 4m 
7 pV a (1K 10"x6 *10) = 50Nm 
“tb pX 2 (1 10°K1« 10") = 108m 
thus. T is maximum ary since pV is the 
highest and T is minimum at Z since pV is 
the smallest. 

(e) From the graph, when the gas expands 


from PtoQand Q to R, work is done by the 


46. 


Kea 


CP Nole carefully the simple way 
to solve this problem, : 


7()-AB. (a) 


wm She 


2x2 


{c) 


Clearly, the highest rate of cooling cor- 
respunds to (ef)aind the luwest rate of cooling 
corresponds lo (a). 


49, 


51. 
62, 


53. 


Piz 
to) BAG 9) Hacer — ty | Kater =o 
! t 
or Better — 4) 
Os t07 or ne IEE ene 
a 
(a) eed da 
Ava 
ry 
Dividing. » } or r=t -ine =}min 
th tet go 
aa 


the rod. w graph of 
nual vanaton versus 4: 
alory the rod as can readily be + 


v * 
leo 5 fecalt] 


For thermal energy conduction : 
g an) 
shal = 
sua(zt] 

The vope of this graph is the potential 

Vv 


” Gaxeasngea) 


EX Do not bother to ave the 
same units of rand Lin this par 
' ticular problem. 


AQ) 
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Dividing (1) by (2), 


t= Bag min=5rGos= Ss . 
(d) Suppose K = thermul conductivity of 
aluminium 


then 2K= thermal conductivity of copper. 


Let A= cross-sectional area of the com: 


posite rod 
T= temperature in °C at the copper- 
aluminium interface. 


Then the rate of heat flow a is given by 


yay 100. fg, TO 
8 2eaKxa) To RAI 


= 100-T)=T or T= = 67°C 


which is best represented in graphd. 

Note that the temperature gradient in the 
copper bar should be half that in the 
aluminium since the rate of heat flow is the 
sameand the thermal conductivity of copper 
is twice that of aluminium. This is evident 
in the graph of temperature variation in 
graphd. 


. (b) Rate of heat flow, 2 , through a 


parallel-sided slab of cross-sectional area A 
and thermal conductivity 2 is given by 


Q__y, 20 
poe 
do. A 
wherey is the temperature gradient across 
the slab. 
do 
Now Ay = 2)x = 2h, and-A de = constant 
=c for both materials X and Y. 
er 
Hence] {and 228, Wey 
= = 2ch t t t 
fract‘vn of total flow through tHe slab 
passes through material X = Ox = eA = i 
‘ Q 3h 3 


on pMODYNAMICS 
Emporium: Compelitive Physicg (Ob AnD THERMO. 
) ; iho intensity | or powor per unit area of 259 


56, (b) Thesteady state rate ofhont Noy, ccived by the det 
leet q sation Fe! lector j 
py 18 = Aya 100 - 25 = Aya 25. "ting, # ain both cases. Thin may te o = (t! 
at 0.60 0.30 samt gonted by the equations below : 4,7\ 7, 
where A is the cross-sectional q, rep” 5 4 | (The tate oth 2 
rods X and Y rea of uy eo Biven by heat flow through the bars is 
Solving the equation, we havo _ Andy 1 q h-1 
Pe 1 AAA THT 
whe dy 25 be 7 aA 
X60 7 And. - 
0.60 ~"Y 0.30 2 where dis 
bars. the crose-secticnal aroacf tha two 


dx 25 \(0.60) 2 is the area of the black bod: 
- Bo) | 8 2 c Als ly anda 
= y (a I 75 ): 3 sie Stefan's constant. 

; yuting the two equations, we have 


4 
my! TS (? 


67. (a) The rate of heat flow at stead: 
condition is given by Y Shaty Eq 


100-0 


Bg 1a 0-0 Le 
71 KA L = (4K)A = 2 


where K = thermal conductivity ofQ 
4K = thermal conductivity of p 
L=length of rods Pand Q 
A= cross-sectional area of the rods 
0 = temperature of the interface, 
= | 100-0=40 = 50=100°C 
0=20°C 
58. (e) Atsteady state condition, the rate of heat 
flow is a constant given by 
Ox ~ Oy 
Lxy 


Op = Ox 
Lpx 
Oy - 09 

=KA 
lyq 
where Ky = thermal conductivity of the 
- metal bar 
Kz = thermal conductivity of material , 
xy 
A =cross-sectional area of the metal, 
bar. 
Op, Ox, Oy, Og are temperatures at locations 
P,X, Yand Q respectively. : 


= KA 


Seiya 
t 


" ‘ 0; 
Since Ris constant and so is saa as both 


K, and A are independent of temperature. 
Hence, the temperature difference (Ox - Oy) 
across XY is independent of the distang of 
the section XY from the end P if the length 
Lxy is fixed. : / 


q; 


Hence, AT, -7)) = kyT,-7,) 
oe AiTh + aT, = (hy « hyft, 


or T-_1 
Dy 78 4 aT 
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OSCILLATIONS AND Wav, 


1, Equations of SHM 
E=asinut 
E=acosut 

2. Velocity in SHM 
veo Ve? —&2 

3. Acceleration in SHM 
acceleration = — wE 

4. Restoring force =- mre, 


ss ed 
anid i 


6. Differential equation of SHM 
E+w~E=0 
7. Differential equation of angular SHM 


8. Formulae for time period and frequency in 
lincar SHM ‘ 


T=2n 4/7 


9. Formulae for time period and frequency in 
angular SHM 


IMPORTANT FACTS AND FORMULAE. 


10. Enorgy of a particle executing SHM 


(Ey= i mu? (a?) 


(i) B= 3 more? 


(i) B=} muta? 


11. Simple Pendulum 


Te2naft 
& 


12. Oscillations due to a spring 


Tene 


13. Oscillations of a liquid column of length L 


ina U-tube 


Tear 


14, Relation between velocity, frequency and 
wavelength of a wave 


v=vA 
16. Newton's formula for velocity of sound 
waves in air 7 


ves/-. 
r) 


16. Laplace's corrected formula for velocity of 
sound waves 


veyfie 
p 


ons AND WAVES 


ost 
Eq 
sh pros 


yation of simple harmonic plane 
egsive WAVE 
&=aain ae) 
Je velocity = — wave velocity 
x gradient ofdisplacement curve 
ation of stationary way. 
Ba sin St 
§=2acos™” sin x 
ula for frequency of vibration of 
tched strings 


eBags 
Y=or\im 


‘ partic 
{6 


a0 stre' 


where p is the number of loops in which 
i string is vibrating, Tis the tension in 
ihe string and m is mass per unit length, 
Formula for frquencies of different 


ale overtones in an open organ pipe 


wget 
bial 


261 


2 : 
2. Formula for frquencies of different 
Overtones in a closed organ pipe 


v=( a 
2n Oa 
23, Beat frequency = W-vy 


A. Doppleretfect v 2 ¥ 7% Yo 
- U+ Um =U, 
where v, um, Up and v, represent the 
Velocities of sound, medium, observer and 
Source respectively. 


_ 25. Formula for calculating the velocity of 


Star with respect to earth 
a=), 
c 


26. Weber-Fechner law 
. L=Klog! 
27. The intensity level of sound is said to be 
1 bel if the intensity of sound is ten.times 
« the zero level of intensity. 
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| Selected Multip 


Choose the correct a 
ing questions: 
nes Tofa simple pendulum 


different lengths /. Ifa 
cal Lis plotted, the 


1, The periodic tim 
are observed fo 
graph of log T against log 
slope of the graph is 

(a)2 (b) 1 

(nd id). NB. 


Alight spring of constant Kis cut into two. 
equal parts. The spring constant of cach 


Pp 


part is 
(a)K (b) 2K 
(eK (d) 4K 


A light spring of force constant 8Nin tis 
cut into two equal halves and the two are 
connected in parallel. The equivalent force 
constant of the system is 

(a) 16 Nm" (b)32N mm 
(sNm! (d) 24.N mw, 

4. A transverse wave is described by the 
equation y = yo sin 22 (ft - x/). The 
maximum particle velocity is equal to four 
times the wave velocity, if 


tad 


Fo mo 
(a)h= a (b)A= 2 
(hem (d) A= 2nyp, 
5. A wave equation whjch gives the 


displacement along y-direction is given by 
y = 10~ sin (60¢ +x) wharex and y are in 
metre and ¢ is time in second. This 
represents 0 wave 
(a) travelling with a velocity of 300 ms! in the 
—vex-direction 
(6) of wavelength n metre 
(€) of frequency = hertz 
(d) ofamplitude 10! meter travelling along the 
positive x-direction. ‘ 
6. The pitch ofa sound wave is related to its 


(a) frequency (6) amplitude 
(c) velocity (d) beats, 


Emporium: Competitive Physicg (Oly 
clit 
) 


le Choice Questions 


nswer from the four alternatives given in each F the fot, 


q. The ratio of velocity of the body to 
velocity of sound is called he 
(a)Magicnumber — (b) Laplace nuny 
(e) Natural number (4) Mach number 

8. The equation of a transverse Wave on 
stretched string is given by 
y = 0.05 sin n(24/0.002 ~x/0,1) 
where x andy are expressed in 
tin second. The speed of the wo: a 
(a) 100 ms" (6) 60 mer! 
(c) 200 ms"! (4) 400 m s*! 
9. Two particles are executing SHMs, The 
equations of their motion are 
y1 = 10 sin (wt + nT/4) 
y2=5 sin (wt + V3 T/4) 
What is the ratio of their amplitudes ? 
(a) 1:1 (6) 2:1 _ 
(c) 1:2 (d) None of these, 

10. Energy of a particle executing SHy 
depends upon 
(a) amplitude only 
(b) amplitude and frequency 
(e) velocity only 
(d) frequency only. 

11. Two springs of spring constans K each are 
connected in series, then what is the net 
spring constant 7 

wf 


kK 
(d)35. 


(a) K 


(c) 2K 


12. Equation of a progressive wave in-cgi 
system is given by ‘ 
y =sin m ((t/5 —x/9) + 1/6) 
Then which of the following is correct ? 
(a)V=4eme! (6) = 18 em 
(e)A = 0,04 em (d) f= 50 Hz. 


yyy AND WAVES 


Wc 
sl 
ae 263 
sound woven in fir always longitudinal 


W ecause 
(a) the density of nir is very smal} 
wn in an ner hci oman 
(c) air docs not have a modulus Of rigidity 
«air is a miature of several gases 
One musical instrument has fro. uency 

44 90-Ha i velocity of source = 1/10th of the 

velocity ofsound. What is the frequency of 

sound as heard by the observer? 

(a) 90 Hz (6) 107 Hz 

(c) 900 Hz (d) 10% Hz, 

A= 100 cm, Ag = 90 cm and Velocity = 

396 ms" - The number of beats are 

(a) (o)2 

(0) 3 (d) 44, 

When total energy is half kinetic and half 

potential, whatis the displacementinease 

ofa pendulum ? (a = amplitude) _ 

(as al2 (b) Bara 

(c)al4 (d)aN2. 

17, Ifaperson sees the steam coming uut from 
the chimney of a factory and then after 3 
second listens to the sound of whistle, 

-what is the distance of the factory from 
man ? (velocity of sound = 330 ms") 


15. 


16. 


(a) 990 m (6) 1980 nm 
(c) 495 m (1) None of these. 
18, At resonance, which of the following is 
maximum ? 
* (a) Frequency “(by Amplitude 
(c) Velocity (d) Wavelength. 


19. Ifthe frequency of oscillations ofa particle 
doing SHM is n, the frequency of K.E. is 
(a) 2n (bin 
(c) n/2 (d) None of these. 

20. Ifa particle is travelling with a specd of 
0.9 of the speed of sound and is emitting 
radiations of frequency 1 kilohertz and 
moving towards the observer, what is its 
apparent frequency ? 

(a) 1.1 (b) 0.6 KHz 
(0.4 KHz (d) 10 KHz. 


21, 


Aside Uedona sonameter, Second end 
with we downward through a pulley 
Pass, ension T. The velocity of the 

erre wave produced.ss proportional 


to 
are TW te 
‘at wrt. 


22. Incase ofa transverse wave 
Proportional to 
(aT (iT! 
(TM (dT. 


8 


If the length of a simple pendulum is 

doubled, what will be its new time period ? 

(T = original time period) 

(0.77 (LAT 

(ce) T2 (d)T. 

24, Incase ofa simple pendulum, time period 
Versus length is depicted by 


1 4 
Y ! 
— — 
(a) 4 (o) 
T I 
ee i—+ 
tc) ) 


Fig. 

25. Velocity of sound in open-ended tube is 
300 mvs, the frequency of waves is 1.1 KHz 
and the length of tube = 30 cm, which 
harmonic will it emit? 

(a) 2nd (b) 3rd 
(c) 4th (d) Sth. 

26. Aperson is standing ona railway platform 
and a train is approaching, what is the 
minimum wavelength of sound he can * 
hear ? Given wavelength of whistle = 1m; 
speed of sound in air = 330 ms"! ; speed 
of the train = 36 kmh” 
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_ 
Me 
Nn 
(hat 
(a) im ui 
3 Ud) None ef these 
(es 
x e 
27, Whatis the number of beats heat by t ie 
~ or § 
nied! 6 kmh™ 


I} at a speed 36 
jund of frequency 


frequency of & sonometer 
I tension ts made 3 Wmes 
wh and diameter are also 


mnereased 9 times, what 1s the new 


hh3n 

(d) None of these. 
change when sound enters 
from one medium to another ? 


(b) speed 


(d) None of these. 


tc) wavelength 
te) frequency 
30. Following two wave-trains are approach- 
ing each other. 
yy =e sin 2000 nt 
y2=a sin 2008 mt 
The number of beats heard per sccond is : 
(a)6 1b) 4 
fe) (d) zero. 
31. Frequency of oscillation is proportional to 


Fig. 2° 


wys 

m 
afm 

Wd) 3K + 


32. The displacements of a particle doing 
SHM when KE = PE is (amplitude = 4 cm) 


maj 
m 
orf 

m 


Emporsum Conipetitive Physten (Object, 
My 


3. 


34. 


36. 


37. 


(a) 2v2 em 


— Obey 


(6) 2m 


tom (V2 em 
ve 


Two waves are propagating with an 
amplitude and nearly some freque, 
The result is 

(a) beats (b) stationary ware 
(c) resonance (dl) wave packet, 

The graph of time period (T) of q sim, 
pendulum e/s its length (1) is Pl 


Ney, 


—> — 
(a) (b) 
1— \ , 
t ! NG 
T 
: —_ 
(c) (9) 
Fig. 3 


» The wavelength of a note is-99 cm and 


that of other is 100 cm. Speed of sound 
15.396 m7! The number of beats heard 
per second is 

(a)4 (b)5 

(co) 1 (d) 8. 

What will be the time period of a simple 
pendulum in a freely talling lift ? 

(a)0 


CN 
R 


In case ofa particle doing SHM, ify = K.E/ 
P.E., the graph between x” and y where x 
is the displacement, has 


(a) slope = a”, intercept = - 1 
(0) slope = a*, intercept = + 1 


1. 
le) slope aes 1 intercept = +1 


(d) slope = + a*, intercept = - 1. 


ee AMD ee 
rons 


it 
of 
ring connlanta K, and K. 

4 times, what will be ikeaee 


in terms of ite origingy 


cq both ap 
gf inerensed 
frequeney 
frequen 


Ky 4 | 
et] | rer} 


Fig.4 
(b) of 
(d) Af. 


wf 


. is enc; 
ie velocity of sound as 340 m 5"! 
(e200 Hz (b) 250 Hz 
(300H2 (d) 350 Hz. 

40. Inaone end-closed pipe, the frequency of 
a note was 1.1 kHz. What is the order of 
the harmonic ? ® 
(a4 (05 
(2 : (d) None of these. 

1f2 = 6000 A, and Ad =4 A, the velocity is 

(a) 2x 10% ms"! (634 10° ms"! 

(8x 10° mam! (d) None of these, 

The source of sound generating a 

frequency of 3 kHz recedes from an 

observer with a speed of 0.5 times the 
speed of sound in air, The frequency heard 
by the observer is 

(a) | kHz 

(c) 4 kHz 


41. 


42. 


(0) 2 kHz 
(d) 6 kHz. 


43. Given: y = 2sin Bro 


What is the maximum acceleration of the 
particle during simple harmonic motion ? 


2 

x “2 x omg? 
(a) 5 cms (> cms 
(ems? (d) Fems 

4 4 i 


MM. 


45, 


46, 


48. 


265 


Iftn 

Pi dinplaremant equation of a particle 
"presented by y = A sin pt © Bcos pt, 

the partiela wercutes 

(4) ¢ uniform “irmular motion 

(hi a unitaem aliiptieal motion 

fea SHIM 

(da rectilinane motion, 

A particle xeeuts SHM. The geaph of its 

‘weleeity as 4 function of displacement is 

traight line (b) circle 

fed an elligng (dia hyperbola. 

A clock P is based on oscillation of a spring 

and another clock Qis based on pendulum 

Motion. Both the clocks run at the came 

rate on Earth. Both the clocks are thon 

taken toa plane: having same density as 

Earth but tree the radius. Then 

(a) P will run faster than Q 

(8) Qwill run faster than P 

(c) both will run at the same ratesas.on Earth 


(d) both will ran at equal rates but faster than 
on Earth. 


+ The time period of a mass suspended by a 


Spring is T. If the spring is cut into four 
equal parts and the mass is again 
suspended by one of the pieces, the period 
of vibration is now 


T tT 
(a OR 
T 
ze (2) 27. 


The velocity and acceleration of a particle 
executing SHM have a steady phase 
relationship. The acceleration leads 
velocity in phase by 


(a)+x (+2 
z 
-3 (d)- 


9. A flat horizontal board moves up and 


down in SHM of amplitude a. Then the 
shortest permissible time period of the 
vibration such that an object placed on the 


-board may not lose contact with the board 


is 
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50, 


51, 


52, 


53. 


54. 


55. 


Don 
0 
(a) a 
. Life 
lel osvcea (Be Va 


Auniform spring of foree constant A ts cut 
inte two proces, the lengths of whieh are 
in the ratio 1: 2) The ratte of the force 
s of the shorter and the longer 


constant: 

pieces 1s 

ta} -2 weed 
(eget (d)1.3 


The displacement of a particle moving 


in SHM at any instant is given by 
asinwt The acceleration after time 


= Ti (where T is the time period) 


(b)-eu* 

{e)-ew (d) atu, 

A mass on the end of a spring undergoes 
simple harmonic motion with a frequency 
of 0.5 Hz. Ifthe attached mass is reduced 
to one quarter of its value, then the new 
frequency in Hz is 

(a) 4.5 (b)2.0 

(c) 0.25 (d) 1.0. 

Asimple pendulum is suspended from the 
roof a trolley which moves in a horizontal 
direction with an acceleration a. Then the 


(a) aw? 


time periodisgiven byT=27+ le » where 


& is equal to 
(ag (o)e-a 
(gta (d) Vg? + 


The motion of particle executing SHM 


is given by x = 0.01 sin 100 x (¢ + 0.05), . 


where x is in metre and time is in second. 


The time period is 
(a)0.25 (6)0.15 
(c) 0.028 (d)0.01 s. 


A pendulum suspended from the ceiling of 
a train has a period T when the train is at 
rest, When the train is accelerating with 
@ uniform acceleration, the period of 
oscillation will 


Emporium Competitive Phystes (Objecy 
A] 


(ad mereare (D) decreas 


ie) remam unaftected Uf) become infinity 
Aclosed organ pipe has a Frequency ins 


56. : 
rts length isdoubled and radius ishaty, f 
its frequency nearly becomes ed, 
(a) halved (h) doubled 
(c) tripled (quadrupled, 


Velocity of sound in vacuum is 
(a)330 ms" (0) 165m 
iaieero (d) 660 m s**, 
Consider a stretched string under tons; 
and fixed at both ends. If the tension” 
doubled and the cross-sectional any 
halved, then the frequency becomes 

(6) half 

(d) eight times, 


(a) twice 
(c) four times 
59. Two organ pipes produce 7 beats 
second at 5°C. When the temperature 
rises to 10°C, the number of beats is 
(b)<7 
(d) Data is inadequate, 


(a)=7 
(c)>7 

60. Two organ pipes, both closed at one end, 
have lengths / and / + Al. Neglect eng 
correction. If the velocity of sound in airs 
V, then the number of beats/s is 


Vv v 
a Oa 

a Vv 

s (d) — al. 
(c) w a , 7 


61. The displacement € in cm ofa particle is 
€=3sin314¢+4cos314¢. Amplitude and 
initial phase are 5 


(a) 5 em, tant (6) 3 cm, tan"' 3 


@4emtant$  (d)4em,0. 


62. Thespeed of sound in air is 350 ms™. The 
fundamental frequency of an open pipe 
50 cm long will be 
(a) 175 Hz (6) 350 Hz” 
(c) 700 Hz (d) 50 Hz. 

63. A progressive sound wave of frequency 
500 Hz is travelling through air with a 
speed of 350 ms~!. A compression 


HON Oe 
cy wn 161 
: pm appears ata place ata riven 


nxt! t ' 
E The minimum time interval afte, 


m 
atan i 
i veh the ra refaction maximum occurs at 
A i same point, 18 
he (b) 17250 « 


(A) WN006 », 
hown in Fig. 5 are made 
have same 
ction. The pulleys are light. The 


material and 


ss-8C 
en speed of a transverse wave in the 
wring AB isu and in CD it is v2. Then 
si 
plea 8 
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| Questions for Self Assessment 
the following aptions (a), (b), (c) and (ay 


K K \ 
af& (bya fH 
{a} my Ve 
K__ K 
(d) 
OM in, +m : m~my* 


Indicate the correct choice among! 


coefficient of 


Fig. 6. Given : 
1, Refer to Fig blocks 


friction between the surfaces ofthe ‘ 
in 0.2, The spring constant of the spring is 
1960 N m7, Mass of block A is 2 kg. Mass 


of Bis f 5, In Q.4, the amplitude of oscillation of, 
is ™ 
tq) mR 
(a) =e (b) K 


(my tnt 
(9 
A block of mass 0.1 kg is held between 
rigid supports by two springs of fo 
constants BN m7! nnd 2N m7}, Tthe bog 


a) ore 


6 


Fig. 6 is displaced along the direction of th 

(a) dk (b) Sky Iength Of the springs, then the frequen, ‘ 

(ce) B kg, (d) 10 kg. of vibration is ty 
2. InQ.1, energy stored in spring is 

(0) 9.85 (b) 0.98.0 : 
-  (c)0.098 J (d) 0.0098 J. 
3. Whatchange in mass is required todouble . 

. Fig. 8 
the frequency of a harmonic oscillator ? 
5 4 
(a) The moss must be reduced to one-fourth its (a) He (0) 7 He 
original value. 
(c) Sx Hz (d) 4n Hz, 


(b) The mass must be reduced to half its 
original value, 


(c) The mass must be doubled. 
(d) The mass must be increased Lo four times 
its original value. 
4, Two masses m, and mz 
are suspended together 
by a massless spring of 


7. Two identical springs, each of. Spring 
constant K, are connected in series and 
parallel as shown in Fig. 9. A mass m is 
suspended from them. The ratio of their 
frequencies of vertical oscillations will be 


spring > constant K. K 

When the masses arein 

equilibrium, omy is “pay 

removed without ™m 

disturbing the system, WH, 
The angular frequency Fig.7 Ml 
of ma is (A) 


10. 


AND WAVE 


Consider the situation shown in Fig. 11. If 
the blocks are displaced slightly in opposite 
directions and released, they will execute 
simple harmonic motion. The time period 
is 

k 


Fig. 11 


b) 204 [2 

fee Pa 
HS 4 fm 

(c) 22 (d) 2n ok 


Fig. 12 shows the displacement-time 
graph ofa simple harmonic oscillator, The 
amplitude, time period and initial phase 
of the oscillator, are respectively 


3 
ae 
elt 
He 
a 
Oo -2|. 
~3] Time (s)—> 
+ Fig. 12, 


13, 


(ede 


le) 


. A mass Mis 


pions 
JA 
wt 517] 
om (ast 
. js (Asi allem, 2s,2r2 thy 2em,4s, 94 
‘ie 
efer Fig, 10. 12, l2em.44,t0r (dy 2em.24.20r9 
& one ke block per- [19] : One end of a spring of force constant k is 
forms vertical hare fixed to a vertical wall and the other toa 
nic oscillations =) bidy of mass m resting on a smooth 
mt! amplitude = horizontal surface. There is another wall 
6 cm and fre. S ata distance x, from the bedy. The spring 
I ency 25 rad § is then com. 
ane maximum [4.1079 | Pressed by 
yplue of the force TTT aay and 
2 released. The 
tthesystem ex om ‘ 
a on the surface Fig. 10 time taken to 
er’ . strike the 
is wall 
ie)20N (6) 30 N ® 
o4oN GON, tain A wo) V2 
g, In Q.8, the minimum force is m a 
een (b)30N we fy (a= 
(aon (d) GON, . 4 


What is the spring , 
constant for the 
combination of springs 
shown in Fig. 147 

(adk 


(b) 2k 


5k 
dr. 


suspended by two 
springs A and B of 
force constants &, and 
ky respectively as 
shown in Fig. 15. The 
total stretch of springs 
is 
Mee 
tk; 
Math, + &2) 
b) hh ri 
Mok, + Ap 
Ayr ha 


(a) 
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15. 


16, 


17. 


18. 


19. 


—oEE 


ofa body executing 


e maximum enerky 
The mi ergy of 


SHM is 600 J and the potential en 
20 J when displacement Is 2em. 


the body 

The amplitude of SHM is 

(a) 10 cra (8) 20 en 
(c) 40cm (d) 100 em. 


Asimple pendulum is suspended from the 
ceiling of a train. When the train moves 
with a constant acceleration ‘a, the 
direction of the string from the vertical is 
(a)0" (b) tan"! (alg) 
(e) sin” (aig) (d) cos"! (ale). 


The length of a simple pendulum is equal 
to the radius of the Earth. Its time period 


will be 


iB 
(a) 22 VJ 
lc) £ 
>, 2k 
ter2na [2 
& 


Three masses of 
500 ¢, 300 ¢ and 
100 = gare 
suspended at the 
end of a spring as 
“shown, and are in 
equilibrium. When 
the 500 ¢ mass is 
removed, the 
system oscillates 
with a period of 2 . 
second. When. the Fig. 16 
300g mass is also removed, it will oscillate 
‘with a period of 
(a)2s (by 45 
(Bs (d)1s. 
If the mass shown in 
‘Fig. 17 is slightly 
displaced and then Iet go, 
then the system shall 
oscillate with a time 
Period of 


NE tn [BH 
OPN ES 

(2 Je on [HE 
in 3 ana |e 


(by ox 


(d) indeterminate 


(a) 2n 


Emporttan: COMpPCunwe Eiysiog (0 
bie, 
iy 
aa 


Ti 


20, The mass and diameter of 4 


21. 


24, 


twice those of Enrth, The ane 
oscillation of pendulum on thinplay od, 4 
be (If it is a seconds* pendulum FS as iy 


tats (b) 2a 
{c) ad (d) 2N2 5, 
A simple pendulum pad 
in 
harmonic motion about X = wit 


amplitude A and time esis There! 
A 
of the pendulum at X = 2 will be 


nAVS- RA 
oe 34 
2 . 
() mate (a) aA 


2 A hey evctog ingen 7 


has a Tnaxianurn acceleration ¢ 
24ms” “and maximum velocity equal 

16%m s7. The ‘amplitude of the a 
harmonic motion is 


‘qual ty 


(0) 2 im wn 
Sm 3m. 


. A pendulum bob has a speed of msty 


its lowest position. The pendulum is 05m 
long. The speed of the bob, when the 
length makes an angle of 60° to the 
vertical, will be (g = 10 ms?) 

(a) dims (0)2me"! 

() 12ms"! (d)3ms", 

The amplitude and the time period ina 
SHM are 0.5 cm and 0.4 s respectively. If 
the initial phase is r/2 radian, then the 
equation of SHM will be 
(a)y=O.5sinant | (b)y =0.5 ein Sat 
(d)y =0.5 sin 2.5nt, 


(e) y= 0.5 cos Sut 


ring, the sprin 
The atring, [4 
95: 


27. 


28. 


29. 


30, 


. (a)A 


LATIONS AND WAVES 


and the pulley shown in 
rig. 18 are light. The 
time period of the mass m 


A; 


Fig. 18 
A particle executes an undamped SHM of 
time period T. Then the time period with 
which the potential energy changes is 


(a)T (6) 2T 

(e) 2 (a) 14, 

In Q. 26, the time period with which the 
kinetic energy changes is 

(o)T “ar 

(ce) T/2 a). 


Refer, to the system shown 
in Fig. 19. The elastic 
potential energies stored in 
A, Band C are respectively 
202 p2o2 p22 

mg? mg? m’g’ 
oe hy ' ky 

mE mR me 
(Oo 1 ' Qkg' Zky 
() site mghy mek, 
(d)'mgks, mgky, mek. 
Two particles execute SHM of same 
amplitude and frequency along the same 
straight line. They pass one another when 
going in opposite directions, each time 
their displacement is half of their 
amplitude. The phase difference between 
them is 
(a) 90° (6) 30° 
fe) 120° (d) 60°. 
A particle moves on the X-axis according 
to the equation x = A + B sin wf. The 
motion is simple harmonic with amplitude 
(6)B 


{d) 


ASK, 
oS 
= 0 

m 


Fig. 19 


()A+B A7+ Bt. 


i 


32, 


33. 


34. 


ata age 


Al kg block is executing simple harmonic 
Metion of amplitude 0.1 mon a smooth 
horizontal surface under the restoring 
force of a spring of Spring constant 
100 Nim. A block of mass 3 kg is gently 
Placed on it at the instant it passes 


through the 
Mean position. CE] 
pron | 


Assuming that 

the two bloeks 

Move together, 

the amplitude Fig. 20 

of the motion is 

(a) lem (6)2em 

(3cm (d)5em. 

The left block in Fig. 21 moves at a speed 
v towards the right block placed in 
equilibrium. All collisions to take place 
are elastic and the surfaces are 
frictionless. 


+—L—_» 


Fig. 21 
The time period of the periodic motion is 
[Neglect the widths of the blocks.) 

im 2L 


(a) 2x > 


ora/® Hk onal? +2, 


Small amplitude progressive waves in a 
stretched string have a speed of 100 cms! 
and frequency 100 Hz. The phuse 
difference between two points 2.75 cm 
apart on the string, in radian, is 

(a) (b) Lin/2 

(c) nla (d) 3/8. 

A piano wire having a diameter of 
0.90 mmis replaced by another wire of the 
same material but with a diameter of 
0.93 mm. [f the tension of the wire is kept 
the same, then the percentage change in 
the frequency of the fundamental tone is 
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(b) + 2% 
(eo) =A 2 (d) = 3%, 
35. In the case of beats, the frequency of 
amplitude is equal to 
(a) beat frequency 
(b) halfthe beat frequency 
(eo) double the beat frequency: 
(d) thrice the beat frequency. 
i ound intensity, We take 
the reference level. For 
tion, the intensity’ level 
xpressed in decibel, 


fa) + aN 


ordinary conver: 
is about 10°° Wim. 
this is 


(a) 10° (6 
{c) 60 (d) log, (10%). 

37. Two tuning forks when sounded together, 
produce 3 beats. One of the forks is in 


unison with 27 cm length. of sonometer 

wire and the other with 28 cm length of 

the same wire. The frequencies of the two 
tuning forks are 

(a) 87, 641. (6) 42, 39 He 

(co) 81, 78 Elz (d) 84, 81 Hz. 

38. The velocity of sound inagasin which two 
waves of wavelengths 50 cm and 50.5 cm 
produce 6 beats per second is 

(a) 303 ms (6)332ms" 
(c) 296 ms"! (d) 228 ms, 

39, The r.m.s. velocity of the molecules of a 

gas is C and the velocity of sound in this 


gas is V. The ratio z is 


tan|¥ w/t 


(©) 2 (ap 
40. Light exhibits many properties like those 

of sound. A star, which emits a line of 

wavelength 5000 A, is receding from you 

in the line of sight with a velocity 3 of 

the speed of light. The wavelength of this 

line as observed by you will be 

{a) 4900 A (6) 4950 A 

(5050 A (dt) 5100, A, 


hb 


Emporium: Competitive Physica (Op ect 
i) 


4A longitudinal wave is represented 4 
ex sin 20] nt-= 
x=X0 ( x 


The maximum particle velocity will re 


four times the wave velocity if 


nxo 
(a)he my 


(O) A = Onxy 


(dh), 


Rxg. 


42. Ifthe amplitude of sound is doubleg 
the frequency reduced to one-fourth and 
intensity of sound at the same Place wi 
be 
(a) increased by a factor of 2 
(b) decreased by a factor of 2 
(c) decreased by a factor of4 
(d) unchanged. 

43. Astaris moving away from the Earth with 
a velocity of 10” ms”. The shift in the 
spectral line of wavelength 5700 A as 
observed on Earth is 
(a) 0.53 A (6) 1.06 A 
(c)1,90A (d) 3.08 A. 

44. An increase in intensity level of one 
decibel implies an increase in intensity of 
(Given antilogy9 0.1 = 1.2589) 

(a) 1% (6) 3.01% - 
(c) 26% (2) 0.1%. 

45. A two-fold increase in intensity of a wave 

implies an increase of (Given : logy 2 = 


0.3010) 
(a) 2dB (b) 10 dB 
(c) 3.01 dB (d) 0.5 dB. 


46. If), v2 and v3 are the frequencies of 
segments of a stretched string, then the 
frequency of the string is 


1 
(a) vy 4V2+ Vy wlt,4,4 
. iv v2 Va 
(CY) va vy (d) [vy Vp vs). 


47. A knife edge divides a sonometer wire in 
two parts which differ in lengths by 2mm. 
The whole length of the wire is 1 metre. 
The two parts of the string when sounded 


parions ANE 


) WAVES 


duce one beat 
ether Pro a per secund, 
on the frequencies of the smaller and 
Jonge? parts. in Hz, are 
. 50,5 and 249.5 (6) 249.5 and 2505 
a 
wo 124.5 and 125.5  (d) 125.5 and 1245, 
organ pipe Py closed at one end 
vibrating in its first overtone and another 
pe Pz open at both ends vibrating in 
ird overtone are in resonance with a 
ning fork. The ratia of the length 
hat of P2 is 
(a) 8/3 (b) 8° 


ee (13, 

The length of the wire shown in Fig. 22 
between the pulleys is 1.5 mand its mass 
jg 12.0 & The frequency of vibration with 
which the wire vibrates in two loaps 
leaving the middle point of the wire 
between the pulleys at rest is 


th 
given tu 


of Pi tol 


9g og 
ta) 10 He (6130 Hz, 
(ce) 40 Hz (1) 70 Hz. 


. Aman is watching two trains, one leaving 


and the other coming with equal speeds of 
4m 7). The trains sound their whistle. 
cach of natural frequency of 240 Hz. If 
velocity of sound in air is 320m s~, then 
the number of beats heard by the man is 
(hyd 

(d) 12, 


(a G 
{ch 0 


. The disc ofa siren having GO hules makes 


420 revolutions per minute. What is the 
frequency of sound-produced ? Given : 
velocity of sound = 100 m sl 

(a) 210 Iz. (b) 420 Hz 

(e142 x 10° Hz (d) 0.042 Hz. 


. A tuning fork of frequency 500 Hz is 


sounded on a resonance tube. The first, 
second and third resonances are obtained 


273 


at 17 cm, 52 cm and 67 cm respectively. 


+ The velocity of sound in ms! is 


53. 


zg 


56. 


+ Asource of sound is travelling at ~> 


. Acaris moving with a velocity of 30 ms 


(a) 170 (by 350 
(c) 520 (d) BD. 

In a Kundt’s tube, the length of the iron 
rod is 1 m. The stationary waves of 
frequency 2500 Hzare produced in it. The 
velocity of sound in irom 1s 

(a) 1250 ms (b) 2500 ms 
{c) 5060 m s** (4) 10.900 ms! 


100 go! 


alonga road, towards a point A. When the 
source is 3 m away from A, a person 
standing at a point O on 3 road 
perpendicular tn the track hears a sound 
of frequency v’. The distance of O from A 
at that time is 4 m. If the original 
frequency is G40 Hz, then the valuc of v’ 
is : (Given : velocity of sound = 340 m sty 


Fig. 23 
(b) 680 Hz 


(a) 620 Hz 


(e) 720 Hz (d) 840 Hz. 


1 
towards a high wall. If frequency of siren 
of car is 600 Hz and velocity of sound is 
330 m s~!, then the apparent frequency of 
the echo of siren will be 

(a) 500 Hz (b) 600 Hz 

(c) 720 Hz (d) 760 Hz. 

Elevation of a cloud is 60° above the 
horizon. A thunder is heard 8 second after 
the observation of the lightning. The 
speed of sound is 330 m sv), The vertical 
height of the cloud from the ground is . 
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58. 


59. 


{b) Sx 380s sin GO" 


ae ane G0 m (2) Ss FADS tan 60! my 
‘Air is blown at the 

mouth ofa tube which — 
is2semlong and open 

at both ends. Its 

diameter 1s equal to 2 

em. Ivelceity ofsounc 

is 330 ms"), ther, the | 

sound emitted by the _ 
tube will have all the ae 
frequencies. 19 He, 10 eck 


the group 

tn) 680, 13202610 1b) 660.1000, 330% 

(c)302, 6641320 (330, 990, 1690 

Ifthe frequency ofa tuning fork is 400 Hz 

and velocity of sound in air is 320 ms", 

then how much distance the sound will 

travel during the time the fork completes 

30 vibrations ? 

(a) 12m (b) 24m 

(e136 m (d) 48 m. 

The temperature at which sound travels 

in hydrogen with the same velocity as in 

oxygen at 1000°C is 

fa} + 82.34°C (6)- 17°C 

(eo) - 780.9°C (d) - 193.4°C. 

A copper wire 2.4 mm in diameter is 3m 
long and is used to suspend‘a 2 kg mass 
from a beam. Ifa transverse disturbance 
is sent along the wire, how fast will the 
disturbance travel ? Density of copper is 
8920 kg m=, 
(a2mst 
(e222 ms? 


(b)22ms! 
(d) Data is inadequate. 


Emporiuin: Competitive Physics (9, 


61. 


62. 


fd. 


65. 


ec 


Aradio wave of frequency 840 Muza, 
towards on acroplane. The fre Weng 
the radio echo is 2.8-kHz more than yy! 
original frequency. The velocity of i 
acroplane is Y 
(a)3 kins (b) 2 km ar 
()4kms™ (4)0.5 kms", 
Astring in divided into three Segment 
that the segments possess funda 8 


frequencies in the ratio 12:3, Thea tt 
lengths of the segments are in the malig e 
(a)G:3:2 (642352 
(e)4: 221 (d)3:2:1, 


. Two open pipes of lengths 20 cm and 


20.1 em produce 5 beats/s, The Velocity of 
sound in the gas is 

(a) 402 ms? (6) 340 ms" 

(ec) 420 ms (d) 330 ms"! 

The displacement y of a Particle 
executing periodic motion is given byys 
4 cos? en) sin (1000 ¢). This expression 
may be considered to be a result of the 
superpnsition of 
(a) two (b) three 

(d) five 

independent harmonic motions. 

The intensity of a plane progressive wave 
of frequency 1000 Hz is 107! watt per 
metre’, Given that the spced of sound-is 
330 nvs and density of air is 1,293 
kg/metre’. Then the maximum change in 
Pressure is 

(a) 2.9 10" N nv? 
(e) 2.9 10" Nm? 


(c) four 


(b) 2.9 x 10° Nm"? 
(d) 2.9 10° Nm? 


ows AND WAVES 
on 
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ee 


p 


A 


1 


An 
SWers/Explanations 


gelected Multiple Choice Questions 


aft or t= Tort gl, 
wt log T 2 gl 12. (a) 


of 
Ly K’=2K 
ro) K’ 7 KI or 


(p) Foree constant of each halfis 16 N m7), 


en connected in parallel, the force 
onstant of the combination is 2x 1g N m”! 
c 7 
je. 32 : 


(b) particle velocity 
often tan cosas e+) 


Maximum particle velocity = 2nygf; 

wove velocity =/% Nov, 2nyg'= 4p 
ye 2 BO, 

or 4f 2 

(y= 107 sin (60t +3) comparing with 

sa sin (ut + kx) 


7 

w=60 and k = 1, 2nv= 60 
- 50 _ 30 

or "on x 


(a) Pitch depends upon frequency. 
(d) Mach number is the ratio of velocity of 
body and velocity of sound. 


(a) Comparing the given equation with 
y =a sin (wt kx), we get 


. (b) a, = 10, a2 = 5. 

. (6) B23 muta’, 
1.1 ,1.2 K 
Wer KtK TK or K’ 2 


13. 
i. 


18. 


16. 


11. 


20. 


24, 


a 
——=—=== 


7h ig> Borde Bem. 


(c) Factual information. 


10 
"5 * 90 Hz = 100 Hz 
(yy = 2 23% Hs 2 396 He 
1 - 


3960 
9 


v= 3 = Hz 


=440 Hz 
v= (440 - 396) Hz = 44. 


1 
(2) 5 ma? 3? = mo? (a? - 2) 
or ag? g? 
or 287 = q? or a5. 


(a) 330 =$ or $=990m, 


. (6) The salient feature of resonance is large 


amplitude’. 
(a) Kinetic energy becomes maximum and 
minimum two times in one vibration of 
simple harmonic motion. So, frequency of 
Kinetic energy is twice that cf simple 
harmonic motion. 

v v 


(d) v¥ =—— v= 1 KHz=10 KHz. 
u-vu, v-0.90 
» (bbun xT. 
(a)v=—-4/— or vevT 
(o) Par f2e ave T= 14147. 


Clearly parabolic relation between / and T. 
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ty 


we us Hae 396 Hz 


an0 + 100 


Number of beats/s = (400 ~ 99q) 1 


T 
26, OEE 


4 mu? (a? - ®) 


4, 


80; Tan, 


Comparing with y = mx +c, we fing thy 


slope “(-3 Jana intercept is (+ v. 
a 


1, [Ki+Ko 
38. f= 32 Wom 
- ‘gilt (Ky + Ka) _ 
CN m7 
v 340 
39. (a) Vin = 5, Y= 340+ 10% 00 220 He 
£5 west = MO 5 320 Hz = 201.48 « 200 Ha, 


29. (e) Frequency is a characteristic of the 49 


. (6) Only odd harmonics are possible: 
source and not the medium. 


ee 8 ms} 
30. (b) vy = 2000 x, 2nv, = 2000 jv, =1000Hz; 41. (a)u=s>e= GaGa 10 ms 
avg = 2008 nt ; v2 = 1004 Hz, * =2x 10° ms”, 
Number of beats/s = 1004 — 1000 = 4, 2 i 
Sie : 42, (b)v's—* yy , 
31. (a) Parallel combination of K and 2K gives v+ 0.50 
3K. : 
1g W = 7 py 3 kha = 2 kHz 
veda for ve fe, 4 
an Vm m 


43. (0) Velocity = £ 
be re eee Gee er a 
32. (a) } mu? =4 mus? (2-2) 
ieee 22% cos Bre }encos $+) 
or Be atorg= feat em=2Wem. ae 


Acceleration = | 1 cos (4 +9) : 


33. (a) Fact. 2! information. 2 
be a +i nnn fin Feo ]= anf Set 
36. (a) v= = 400 Hz, } 


2 A 
. Clearly, maximum acceleration is7pemst 


“ 


rs 


41. 


48. 


49. 


50. 


BL. 


WAVES 
ons AND 
tl 


uf 
wt m 
Anin pl +B cos pt 


() 4" 


veto OF Ve AD EON PL = Bp gin py 


* Loy 
Acccleration a 
2 - Ap nin pt Bp? cos pt 
2-p? (Asin pt +B cos pty w_ 53," 
clearly: motion is SHM,, 


(ve ae 


° 2 42 
p= wa? — ie? ot ea 
wo 14 


The result follows from here, 


or 


5) Clock P will not be affected; g = GM 
( R 


22h aR p org Rig will be more. 7 
will be less. So, clock Q.will be faster, 


1. ~ 
@ T*7' T" aK 
1 T 


7 dl 
(0) §=4 sin wn 5 ¥ = 27° (6) = aw cos it 


” on A 
acceleration = — aw” sin wt = aw? (—sin oy) 


ie 


Acceleration leads velocjty in phase by . - 


(b) maw = mg 


g 
Fla _ Fl -(F\t 
(c) Yeon or ¥-(3)é 
or Ls or Al = constant 
fy 2 
or oi 


(b) Whent 1 >the particle is at the extreme 


Position, At the extreme position, the 
particle has maximum acceleratio .- avr’. 


8. td) y 


vel 
aie 

] 
 ¥2205Hr=1 He 


53. iy OaPed 
or e2Vp oa? 


or Lea or V=2v 


Fig. 25 
4, (c) Comparing with x =a sin (ex +99), we get 
@= 1005 or = 1005 


2 
or T=—s-s 
100 0.023 


58. (b) Comparing with y = 2 


Tare 


Vg? 6a? 
Clearly, T <T 
56. (a) vat 


On doubling the length, frequency is halved. 


TD The world ‘nearly’ in the state- 
ment has been user! keeping in mind 
‘end correction. 


57. (c) Sound requires a material medium for 


propagation. 


©} Sound waves are mechanical 
waves. bi 


. a all 
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59. 


60. 


‘| Questions for Self Assessment 


2. 


3. 


4. 


6. 


ofiit 
() -v2" 5] 7, 
Due te inerease in temperature, v increases: 


So, (vj — Vz) increases. 
bd hil v Al 
(e) Beats/s = 77 -Fr4 ah 4 | C+ A) 
ve (Slee) 


“aE 


(d) Since A does not T 


accelerate, 
7 T=% 
Again, png =e 


o 

te) Ua) ass 
= (2x 98", 
* 2x1 1960 * 


1 1 
(a) ve T= or me oy 
For doubling vm should be one-fourth ofthe 
original value. 
(O45. (a) (my + ay = Kil +2) 


After the removal of mass my, 
muy! = Kl old 


() i gives: mys = KI, or I= at 


alt 


This gives the amplitude of oscillation of 
mass mg. 


Now, T= 


(a) Springs are connected in parallel 
Combined spring constant. 
£=(8+2N m1! = 10N m7! 


Emporium: Competitive Physics (Objectiy 


Gl. (a) a= V3? +4? 


= ¥9+16 4 
= ¥26 =Gem 


(d) 
_1.fF 14/0 ys 
Y= On an Vor H2= 7 He 
1. [kK 
(ce) Veon 
vee VK . 


In the first case, vj = *\ /f 


In the second case, v2 « V2K 


v2 
(d) Weight = 5.1x 9.8 N =49.98N=50N 
Maximum restoring force 


1.6 
= 1x 799 % 25x 25N=10N 


Maximum force on the surface 
=(50 + 10)N =60N. 

(c) Minimum force on the surface 
=(50-10)N=40N 


IP The force on the surface 
varies from 


(my + m2)g - maw? to 
(m, + m2)g + maw’. 


(NS AND WAVES 
Atl 


3) fteduced mass = a 


Graph begins from the origin 


(c) a 
So, jnitial phase is zero, 
() b= -a ces int 

12 Xo = 2x9 cos (nu) 


3 = cos (tut) 


cos = = cos n-J4 
or 3 m 


E&P When to use different equa. 
tions? 


@ ——+— 
sa 
E=asinut 
—+- —__, 
> — 
§ =acosal 


—_— 
§=-asin wt 


——_+——_ 
— 


§=-acos wt 


combination of springs. 


Mg 


14. (8) Extension of first spring = a 
1 


Extension of second spring = 


Me, Me ey 


P hythy 
Ne = = ——— 
et extension hy hy 


Iaky 


18. (a) 3 mao? = 600 
PY méy? =20 


#. 
Dividing, ra =25 


or a@=100em 


-F-t or ¢= 284 
3 Vi 


(c) Treat the given system as a parallel 


or a? =25x2%2> 100 


17. 


18. 


20. 


or Deut 
le 9 


16, (6) tanga 2 
R 


Q 
a 
Pig. 28 


(b) Restoring foree, ¥ = —mgsiniis 9) 


Fig 29 
For small displacement, F = -myi0 +9) 


Fe-mg/ “B} or £23 


or Acecleratian = - cd g 


Ta2z 
Zeealeration 
100 
(d) T=2z 7 x 
J so > T=2 EP 


(6) The equivalent situation is a series 
combination of two springs of spring 
constants k and 2k_ 

If k’ is the equivalent spring constant, then 


pa ue 2 
“gk 3 
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2 Qv2 a 
ate 2 rhea Te 
a1. (a) pew \or-o 


22 (b) wore 
on = 16 or wa? = 256 


wa? 


7. 2. 
wae = 


A 
|- I cos 60° 


° 
Fig. 30 
or vg =9-gl =9-10x05 
or vy?=4 or uy=2ms7 
24.' (ce) —-yzasin(wl +o) ° 

or y+ 05sin( H4+3) 
or y= 05:in( su +5) 
or y = 0.5 cos Snt 


25. (a) Suppose the mass is pulled down 
through a distance § The spring shall be 
stretched through a distance §. 


F=-kg 


Acceleration = = = 4% 
mom 


=2n4/—4 _ “4 im 
21 acceleration % T=2"\y 


Emporium: Competitive Physica (Objecy 
i 
) 


26, (c) Eeaain wl 
E,* ; mu? 
or Ep= 7 muta? sin? a 


® 4 mura? (2 sin? (ut) 
= } mua? (1 = cos 2c) 


The variation of E, is not simple harmop; 
It is oscillatory. nie, 


Qn _ 2x 2n 
uy’ = 20, ro pl r.f 
27. (ce) - Ey= ; maru? qs” (ot 
ie Eye dma’ 0? (2 cos? we) 
or E,= ; mar? (1+ cos 2ox) 


w= 20 


2n 2x T 5 
Bie 2x it or, T= 5 


ISP Note that the variations of E, 
and E, are periodic but not simple 
harmonic. 


28. 


E&P Note that the force remains 


the same in series combination of 
springs. . 


29. (c) In the first case, 


sasinit or sin wt =} 
- In the second case, 7 =a sin (wt +9) 


1. ; 
or 27 sin at cos d+ cos ov sing 


31. 


32, 


cong + VI sing =I 


or 
A VB sing = Scan 
o 
or 3sin? Oa 1s costg 2eosg 
ét g(1 - cos Mai) coe! 9- Zeng 
op a 3 cos” O=1¢ cos? 6-2ens4 
or 4008" 6-2c050-2=0 
or 200876 c08-1=0 
-ItvVies 
cos 9 = 4 
+3 4) -2 1 
or coso= 4 =a OF vA or =o 


When cos > = 1,¢=0° 

This value is not acceptable in the given 

problem. 
¢ 1 

Again, 03 @=—5 or $= 120° 

(6) Compare with = & + a sin ux 


OF Whent=0,x=A+sinOwdA 


So, A represents initial position, 


(d) Gentle placing. No external force. Apply 
conservation servation of momentum. 


Now, mxaw =(m+m')o'o." 


mav/* 
or fi 
100 _ . [100 
1 =(1+43)0 a 


or 4a’X5=1 or at= im or a’=Sem 


(d) Time period of spring = 2n *\ fn 


From A to B and back to A, 


m + m'}a" + 
m+m 


or 1x01 


From A to O and ws 7 


back to A,- the ‘ > 
fae te els t 
time is —, 

mi Fig. 31 


281 


7 Periodic ime « x 9) a 


38.8) ve tmel ye 00H 


1 
hee TE maton’ 


22 
Ma E1215 nd 055 ered «TF ra 


38. (6) Ep sasin2x vt; %220 sin 22 vy 
Applying principle of superposition and 


simplifying, 
Se econaa( 572 72 win 22) 
> v2 } 


Frequency of. variation of amplitude 


Now, A= nto 2e(* 


4-¥; 
= sr 224 xbeat frequency 


38. (c) Belistono{ i Here it is 6. In decibel. . 


itis 60. 
v1 _ 28 
37. === 
a v2 «27 
2 
Vj—-v2=3 or By vz=3 
. or v2 = 27x39 Hz = 81 Hz 
vy = v2 +3 = (81 +3) Hz 
or vy = 84 Hz 
vx100_ux100_, . 
38. (a) so ~ 505, =6 


50.5 - 50 
ox 100{ 35a [6 


6x50x505 | 6-12 303m 57 


or P=" 100% 0.5 
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39. 


40. 


41. 


42. 


43. 


44, - 


aT RT 

(a) C= a Ve M 
Iwiding, & a af 
Dividing, G = vt 


oa ou 1 
ee WO 
A. _ 6000 
= 305 = 09 = 5° 


d¢ = (5000 + 50) A = 5050 A 
: od 
(ce) Particle velocity = a (x) 


= Fab sin ax nt -§ \I 


= Qnnxo cos 2x( n - ; 
Particle velocity will be maximum when 


cos 2 nt “iis maximum ie, 1. 


. Maximum particle velocity = 2nnx9 


Wave velocity = a =n 

Banxg _ to 
4n 2 

(c) Intensity of a mechanical wave, 


Now, 2nnzg=dnd or A= 


(c) 
ad=5700%3% 10°74 =1.9A 


(c) Intensity level in decibel is given by 
I 


Le= 10 logi0 7° 


Lt 1 10lesye2 
lo 


ni 1 
Subtracting, 1 = 10 logio a 10 logo 
0 


Emporium: Competitive Physicg (Obey 4 
i 


<u] 

1 

1 =! 

or Jo 7 (0810 1 


in 1 
or 0.1=logioy O° J = 1.26 
I ‘ 
46. (e) L=10 Jogio Jp fected 
L’ = 10 logio + decibel 
K 10| lo a_i, 1 
aie lia vy | 


= 10 logyo 2= 10 x 0.3010 = 301g 
46, 6) lehth+h 


vel) 

i 

hehe or tia 1 
viva v2 YS v uty 


47. (a) y+ lg= 100; 4-2 20.2 
Adding, 2, = 100.2 or 1)=50.1 om 


Again, [2 = 100 - 50.1 = 49,9 cm 


Now, vx50.1=(v + 149.9 or V=U95H, 
v+1= 250.5 Hz . 


UNeglecting v,3| 
_2%4x% 240 _ 


=""a20 8 


51, (6) v= 60x $2 Ha = 420 Ha 


US The product of number of 
holes and the number of revolu: 


tions per second gives the frequency 
of sound produced. 


ATIONS ANY WAVES 


or «A= 70CM=0.7m 
Now, 0 = 500 «0.7 ms7! = 350 mg! 


ES Jn this Problem, you may not 
bother fore because, the values are 


nS 
‘wideapart’, qui would lead to 
= 350 ms", 


53. (c) Retm or A=2m 


v= vA = 2500 x 2m 57! =5000ms} 


a a | 
im 


Fig. 32 
54, (b) Effective value of velocity of 


100 d 
sOUCE, Yy=— COR = xd. 20me! 


Y= B49 9 * 640 Hz = 680 Hz 


55. (ec) An equivalent situation is as shown in 
Fig. 34 
> +-< 
O soms" 30ms" S 


Fig. 34 


a Na 
a 2 : 
62 (b) W7+e=] oF eiteer Now, v «220420 eon 
gublrocting, 52~17 =} or V =360 » 2Hz = 720 Hr 


CF solution Given here should be 
understood on the basis of image [or- 
mation by a plane mirror. 


“An image ts formed as fer behind a 


plane mirror as an object is in front of 
a, 


56. (b) Clearly, h = S sin 60° 
But S=8x330m 
A=8x 330x sin (0 m 


57. (a) v 


Other frequencies are 2v, By, ...,.. 


320 4 
58, (b) reo MAR™ 


Distance trayelled = # x 30 m= 24m 


69% (d) v= 
T 


In the given problem, Mo constant 


(= (79.56 -— 273/°C = - 193.4°C 


T or ve 

m nD? 
| ra 

* [= 


np 


60. (b) v= 


—— 
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61. 


3x 10° 


og 8 
2803010 yet 
840 x 10 


or ve 


eel? met=itkms™ 
Velocity of acroplane = 3 xikms? 


=05kms? 


k 
(a) ep E AR 


hes he 


Mi V2" Vs 


Now, fy lgtly2t ist 


Emporium: SOne® 


63. 


64. 


65. 


190) v «100, 
— oo ae 


(a) ‘Sya0 7 2x20,1 "9 
90.120] 1 
or! | 90x 20.1 | 10 


20% 20.1 a 
or UF Ox 02 MEF AOZmyt 


t ‘i 
(b) y 4] 20° (§ Jin ace 9 


or yo 2(1+cos t) sin 1000¢ 
or y= 2sin 1000¢ + 2 sin 10002 cog, 


or y=2sin 1000¢ + sin (10012) 4 sin (49 


So, the given expression is a result of 


superposition of three independent h 
ar, 


monic motions. 


“pt 
(a) 2p" I 


Here, Po is the pressure amplitude, pig 
density of the medium and v is the ye} 
of sound. ae 


Now, Pp = V2Ipu 
= V2x 107 x 1.293 x 330 Nm? 


=2.9x104Nm* 


oyetlg ety 4 


cordiNg tolaw of conservation of charge, 
7 He gebraic sum of positive and negative 


chal 


stant. er 
According t© quantisation of charge, 


2¢ne, where ft =1,2,3, ‘ 
Coulomb's Jaw in vector form is : 
* a 1 am , 
"ane rt” 
InSl, the unit of charge is coulomb. One 
* coulomb of charge is that charge which 
when places at rest in vacuum at a dis- 
tance of 1 m from an equal and similar 
" charge repels it with a force of 9 x 10°N. 
5, In cgse system, the unit of charge is 
statcoulomb. One statcoulomb of charge 
jsthat charge which when placed at a dis- 
tance of 1 cm in air from an equal and simi- 
lar charge repels it with a force of 1 dyne. 
6 In cgsm system, the unit of charge is 
abcoulomb. . 
1. Labcoulomb or emu of charge ~ 
=¢ statcoulomb or esu of charge 
=3x 10" statcoulomb or esu of charge 
Labcoulomb = 10 coulomb 
1 coulomb = 3 x 10° stacoulomb. 
8B Electric field at a distance r froma point 


. 


charge q is given by: E= a1 r 


Ane r° 


ae 


all ; i 
rges in an isolated system remainscon- - 


9. 


‘Io. 


ll. 


12. 


13. 


11. 


ELECTRIC FreLp, POTENTIAL 


AND CAPACITORS 


' IMPORTANT FACTS AND FORMULAE 


Electric field at a distance r from the mid- 
point of an electric dipole of dipole moment 
p and length 2 is given by 
1 2 
Ben 
4n0,K (7 -P7 


(in the case of axial line) 


1 P 

and E= trek et 

(in the case of equatorial line). 
In the case of motion of an electron in an 
electric field, total deflection is given by 

eEL{L | | 

=p 
Here, L = length of each plate, v = initial 
velocity of electron and D is the distance 
of the screen from the nearer end of the 
plate. 
Electrostatic field is a conservative field. 
The line integral of the field does not 
depend upon path. 
Electric potential at a distance r from a 
charge q is given by : V = atug 
4rig ir 

Potential is a scalar quantity. 
Electric potential, on the axial line of 8 
dipole of dipole moment p and length 2, 
ata distance r from the mid-point of the 
electric dipole, is given by 
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Li. Eloctrie potential at a pornt on the equa: 
torial hine ef an electric dipole 1s zen 

1S. Aconding to Gauiss’s Haw, he surface m 

tegral of elevtnig field over a closed sur 


face ts qQual to times the charge 7 et 


to 
closed by the surhiay 
$b dS: —@ 
re to ‘ 
AG Electric fickd at a distance r form an infi- 
mite hne change of change des sity ts given 


by 


o? 
cid duc toan infinite plane sheet 
is given by 


1, Electricf 
of surface charge density & 


6 


peo 
26 


18. Electric field intensity due to infinite 
charged conducting plate of charge den- 
sity ais given by 


19. Electric field intensity duc toa uniformly 
charged thin spherical shell carrying 
charge q is wtiven by : 


fat an external point) 


Wii B= a # (at apointon the surface) : 


Rig 

(iti) E =0 
20. Electric field intensity duc to a uniformly 
charged solid sphere of radius R and car- 


(ataninternal point) | 


rying charye ¢ ts given b: 


(at an external point) 


ii) ba =e 
: Anty RF 


(ata pointen the Surface oft, 
. qr cy 
(iE = itney re fat AM Merny) 
21, The eapacity of a paralle} plat 
is given by: 


és Kea. shard Rie 
= ——, where K is the di 
elects 


le pa, 


‘ 
stant of the dielectric between x Cty 
Ais the arcs & ach plate 9 Dla, 
separation between the plates. diag 


22, If n capacitors of capacities ¢ 
C, are connected in series ‘ahs 
equivalent capacity C, is given by ry 

iia re 
CG sven eee 
CC C, 
23, Whenn capacitors of capacities. 
C, are connected in parallel, the 
: C= 0, +.Cy+ oe  E 
2 1 
24. Energy of a charged paralle 


Beale | 
capacitor is given by Play 


where the letters have usual meanin, 


The energy density of electric field jn 
parallel pl: te capacitor is given by ! 


25. 


1 2 
way & EF 


26, Formula for common potential is; 
CV, + C2V2 
~  €,+Cg 

27, When a dielectric of dielectric constanty 
and thickness dis inserted between th 
two plates ofa capacitor separated by dis 
tance d, then (i) electric field is reduced 
by a factor of K (ii) potential differences 
reduved by a factor of KX (iii) capacity is 
increased hy a factor of KK. 


yc! 


sp 


ye Pell 


» POTENTIAL AND CALACTIORS 


noose the correct answer from the 
ink questions: 


the units of clectric field ix 


4, 


(h) volUMinetee 


(a) voll/metre 
(metre? 


{q) volt * metre 

The mass of a proton is 1817 times that of 

an electron. An clectron anda Proton are 

rajected into a uniform electric field ina 

direction of right angles to the direction 

of the field with the same initial kinetic 

energy: Then , 

(a) poth the trajectories will be equally curved 

(b) the proton trajectory will be less curved than 
the clectron trajectory 

{c) the electron trajectory will be less curved 
than the proton trajectory 

(d) the relative curving of the Lrajectorics will 
‘pe dependent on the value of initial kinetic 
energy: 

A conducting sphere of radius R is given a 

charge Q. Consider three points B at the 

surface, A at centre and C at a distance 

W2 from the centre. The cicctric potential 

at these points are such that 

(a).V iq = Vu=Ve (OV, = Vy eV 

() Vy # Yn * Ve (a) Vy # Vy 

Work done in carry- 

ing a charge q from 

AtoB along a semi- 

circle is 


(a) 2nrq 
(b) dnrq 
(c) wq 
(d) zero. Fig. 1 
In the circuit shown 
12V 

i ae 

st 

Fig. 2 
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four alternatives given in cach of the fallow- 


far the charge on C, 19 greater than thatenC, 

(bh) the charge an C19 emaller than on Cc, 

le) the patential drop across C, it same ay 
across C : 

(d) the potential drop across C, is greater than 
that across C, 

6. A parallel plate capacitor is charged by 
connecting its plates tn the terminals ofa 
battery. The battery remains connected 
and a glass plate 1s interposed between 
the plates of the capacitor, Then 
{a) the charge on plates will be reduced 
(b) the charge on plates will increase 


(r) the potential difference between the plates 
of the capacitor will be reduced 


(d) the potential difference between the plates 
of the capacitor will increase. 


7. Inthediagram shown, electric field inten- 
sity will be zero at a distance 
-q "+ 2q 
(a) between - 7 and + 2q charge 
(6) towards + 2g bn the line drawn 
(ce) away from the line towards + 27 
(d) away from the line towards - q. 
8 The electric field at a small distance R 
from an infinitely long plane sheet of 
charge is directly proportional to 


R 
ws 


(OR (d) none of these. 

9. A particle A has charge + q and particle 
B has charge + 4q with cach of them 
having the same mass m. When allowed 
to.fall from rest through same electrical 
potential difference, the ratio’ of their 
speeds vy 2, will become 
fa) 2:1 (6) 1:2 
(eda Aol. 

10. A dipole is placed in a uniform electric 
field, Its potential energy will be minimum 
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ee 


pot 


np 


12. 


13. 


"14 


15. 


3 


whon the angle between its axis and field 
is 


ao" (b) x 


us 2 
OF (dy 2% 
If the plates of a charked parallel plate 
capacitor are pulled away fiom each other, 
(a) capacitance increases : 
(6) energy increases (c) voltage increases 
(d) voltage decreases. 
A charge Q is divided into two parts 4) 
and q>. The maximum Coulomb repulsion 
between the two parts is obtained when 
the ratio g,/q, is 
(a) 1 (b} U3 
te) 1/2. (d) WA, 
Electric field intensity on the axis of an 
electric dipole when (r/a) >> 1, varies as: 


(ar (b) r? 


1 a 
Os a3. 


What will happen to the capacity ofa par- 
allel plate capacitor in which a conductor 
plate is introduced:? 

(b) decrease 

(d) none of these. 


+ LJ 


(a) increase 

(c) remains same 
“4 
What is the poten- 
tial at the centre 
Cc? 

(a) zero 


(b) Kqlav2 


(c) 2 Kala 
(d) none of these. Fig. 3 
Electric flux linked with a hemisphere 
placed in a uniform electric field parallel 
to its axis is 
(a) w?E 
(c) 2nPE 


(6) 3/2n77E 
(d) zero, 


. _Charge of 2 C is placed at the centre of a | 


cube of volume 8 cm, What is the electric 
flux passing through one face ? 


Emporium: Competitive Physics (Oly, 4 
eel, 


u} 
— (b) (1/2) 
x & 
(c) Wty d) Bley, 


18, 8 drops of mercury are combineg 


19. 


20. 


21 


22. 


a bigger single drop. The capacitay, for, 
single small drop and of the single big Au 
will be in the ratio tp 
(a) 1:2 ) 18 

(c)8:1 (d) none of these, 
What is the equivalent capacitg 


iven i n 
arrangement given in the figure b Ce gf 


low 9 


Fig. 6 


Total area of each plate = A/2 
(6) AoE Ray 


Ato, _Kik, 
(d) rarer at 
Abody of weight mg is hangingona string, 
which extends its length by /. The work 
done in extending the string is 
(a) mg (b) mg 2 
(qd) none of these, 
Achargeg is enclosed within a cube. What 
is the flux through one of its faces ? 
(a) q/6Eq (b) qi4e, 
(c) q/l2e, (d) q/8€ 4. 
According to Gauss' Theorem, electricfield 


of an infinitely long straight wire is pro- 
portional to 


(c) 2mgl 


1 

(a)r ws 
1 1 

bile (a)=. 


ic FIELD. POTENTIAL AND CAPACTTONS 


Equivalent capacitance jg 


15 uF 


. OF Sur 
B = 154 
F 
is HF = 
L, | J 
AE 
15 iF 
Fig. 5 = 
(a) 1S HF (b) 20 pF 
25 HF (d) 30 pF, 


24. 


26, 


In a hollow spherical shell, potential (V) 


* change with respect to distance (s) from 


centre is 


t : ao 
so > 
(a) (b) 
t 4 
7 y 
> + - 
(c) (d) 


rig 6 
yes). a Mon-uni- 
fo. + seal. What acts on it? 
(a) ony vorgue (b) only force 
(c) both A and B (d) none of these. 


Equivalent capacitance between A and B 
1s 

(a) 8 uF 
(c) 26 pF 


"(b)6 uF 
(d) 10/3 uF. 
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ie wae 
4uF 
A 1+ 1_—_+B 
aur 4yuF 


Fig.7 


27. Where will the electric field be zero? 


\+——— x —__4] 
—_______, 
80 +20 
Fig. 6 
(a) towards left of (- £Q) 
(6) towards right of (+ 2Q) 
(c) in between but nearer to (- 8Q) 
(d) in between but nearer to (+ 2Q). 


28. Ifthe capacity ofa parallel plate cap. ‘tor 


whose area is A and separation isd, is Cy 
and that of similar capacitor with arca A, 
separation 3d/4 and dielectric with 
dielectric constant Kis C,, what is C/C,? 


(a) VK (b) 2K 
4 3 

1 ae ac. 

( 1 3K (d) 1K’ 


29, Whatisthe net force on an electron placed 


at the centre of bcc structure of CsC! ? 


v2 
(a) zero (o) Kee 
. 2 a? ; 
Ake’ so 
() (d) Data is incomplete. « 
a ; 


30. Acapncitor of capacitance 50 mF charged 


«ith a potential of 3000 V is connected 


Cs" cs” 


Fig. 9 
Scanned with CamScanner 


toa patient and every 2 munutes, a pulse 
What as the power delivered 


is sent 
(nearly)? 
(a) OW yew 
ia Ww Www 
21. The dielectrre constant K of an insulater 
can be 
(a= (we 
O02 Wd, 
32. The dielectric constant K of an insulator 
cannot be 
tad? (bye 
{eS (de, 
33. Two identical metal balls with charges 


+ 2Q and - Qare separated by some d 

tance, and exert a foree F an cach other. 

They are joined by a conducting wire, 
| which is then removed. The force between 

them wil! now be ‘e 

(a) F (b) Fe 

le) F/4 (a) FS. 


34. Two plates are 1 cm apart and the pBten- 
tial difference between them is 10 volt. The 
electric field between the plates is 
(a1 10 NC (b) 500 NC"! 
fe) 1000 NC (2) 250 NCo!. 

35. Aspherical charged conductor has surface 
density o of charge. The electric field on 
its surface is E. If the radius of the sphere 
is doubled keeping the surface density of 

* charge unchanged, then the electric’ field 
on the surface of the new sphere will be 
(a) EB (b) E/2 
WE (a4 E. 

3b. Charge Q is divided into two parts which 

“are then kept some distance apart. The 
férce between them will be maximum if 
lie gwo parts are 
(a) Qs each 
“gts and 20/5 
(ye and (Q - ¢), where ¢ = electronic charge. 


(b) QA and 3Q/4 


37. Anclectric line of force inxy planeis given 
by x4 y? = 1. A unit positive charge, 
initially at rest, at the:point x = 1,y =0 in 


4 


a 


Emporium: Competitive Physics (a1 
Niecy, 
ty) 


the xy plane, 1s released, 
(a) The particle will not move at all 


(ay The particle will mie mlony ing 


Line "aig, 
fer The particle would move along 

line of force the cry 
ad) Given data is not sufficient to 4 

conclusion ead y 

a8. The angle between the clectric dipa) 

ment and the electric field strengu 
to iton the equatorial line is dy 
(a) 0" (b) 90° 
(c) 180" (dy as, 

39, Alarge nonconducting sheet S is give, 
uniform positive My 
charge density. | § 

Two unch-arged ‘ 
small metal A 

8 8 
plates A and B ea ca 
are placed near 

the sheet as Fig.10* 
shown. Which of 

the following is 

false? 

(a) S attracts A (b)S attracts B 

{c) A attracts B (d) B attracts A 
(c) None of these. 

40. A hollow metal sphere of radius 0.10 mi 
charged such that the potential on its sur. 
face is 4 V. The potential at the centre of 
the sphere is 
(a)OV (b)4V 
(c) Same as at point 0.10 m away from the sur. 

face 
(d) same as at point 0.25 m away from the sur. 
face. 

41. Ifelectric intensity Eis along the X-axis, 
then: the equipotential surfaces are 
parallel to 2 
(a) XOY plane (b) XOZ plane 
(c) YOZ plane (d) None of these. 

42, A negatively charged rod is held nears 


conductor X that is Earthed (Fig. 11).Xis 
(a) uncharged and at a negative potential 
(b) uncharged and at a positive potential 


POTLtHIAL AMD CAPAC Tony 


Fig 1 


siuively charged and at Barth potential 


a : 
‘i nogalivelY charged and at Barth potential 
wa atively charged and ata 


© poten. 


3 As sh 


eqare : 
an isosceles triangle. The potential at the 
yertex A is 
A 
é . 
+q 
Fig. 12 
a) Le thi zero 
nto Ja? +b" 


us (a) toa) 


44. Two conducting spheres of radii R, and R, 
are charged with charges Q, and Q, re- 
spectively. On bringing them in contact, 
there is 
(a) no change in the energy of the system 
(b) an inerease in the energy of the system if 

QR, # QR, 
{c) always a decrease in energy of the system 
(d) a decrease in energy of the system if 
QAR, = QR, 

45. Electric charges are distributed ina small 
volume. The flux of the electric field 
through a spherical surface of radius 
0.10 m surrounding the total charge is 
1.5 Vm. The flux over a concentric sphere 
of radius 0.15 m will be 


a——: 


* Aneto 


Nam 


'O1G0V m 


(SON on 
(2004 m 
16. Aparucle Aufman 


z 8 mand enarge Q moves 
trectly tew iets a fixed particle B, which 


has charge ( The «pee 
a © spend of A 


when it 


patente 
fom DB The minimum separa 


Hon betwern the particles is net penpor- 
onal to 
tage 
thr 
1 
tat 
at wt 


AT. Electric charges + 10 uC, + 5 uC, -3 uC 
and + 8 jC are placed at the corners ofa 
square of ule V2 m. The potential at the 
centre of ti 


square 1s 


(ad lB a iy 


er 1BY 


bisa lV 


(dh) 1.3 «EV 
48. The value of one farad in csu will be 


fa)3 «tn 1b) 9 = pot 


1 : 
foil ta be 10° 
9 3 


49. Anctwark of six identical capacitors, cach 
of valu C,is made as shown in the 
Fig. 13. Equivalent capacitance between 
points \ and B is 


t— FI 
* J af 
/ 
ty 
Fig. 13 
(a) C/4 (b) 3CA4 
(4c (d) 3c. 


50. Three capacitors of capacity C,, C,, C, 
are connected in series. Their total capac- 


ity will be 
(aC, +C,+C, 
fe) (Cj! + C3! + C54)! (a) None of these. 


(bY UC, + C, + C5) 


51. Inaparallel-plate capacitor, the region be- 
tween the plates is completely filled by a 
dielectric slab. The capacitor is charged 
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53. 


— 


and then disconnected from 
Jab is naw taken out. 
orrect ? 

ss the capacitor 


froma batte 
it. The dhelectrie 5 
Which of the following 
(ce) The potential difference ac 


as reduced 
(b) The potential difference ae 
is increas ; 
{c) The enerky stored in the capacitor 1s 
reduced ; 
(dg) No work 1s done by an extemal agent in 
taking the slab out. ‘ 


ross the capacitor 


9. The internal and external radii of a 


cylindrical condenser are both double? Its 
capacity will be 

(c) reduced to zcro—_(b) reduced to half 

(c) doubled (d) unchanged. i 

The energy stored ina capacitor ofcapaci- 
tance C, carrying charge Q with potential 
difference V between its plates, may be ob- 
tained by calculating the area under an 
appropriate graph. Which graph shows the 
correct relationship between a pair of the 
quantities C, Q und V, and in addition 
shows a shaded area which corresponds 
to the energy stored in the capacitor ? 


Q Q 
( (6) . 


a 
a 


a 
a 


68. 


59. 


a) 
lA Z 
Ww vy «60. 
() td) e 


54. 


Fig. 14 


What is the area of thi 
e plates of a3 F 
Peale Platecapacitor, if the separation 
etween the plates is § mm? 


E 


mporium: Competitive Phy, 
Cy 


4 


(a) 
(ce) 9.9 « 10" mn! 


(b) by 
| 
td) ao. 


The capacity of n metallic g my 
90 cm is Phere, 
(a) 109 F (H)1opyp 

(c) 100 pF (8100 pp 
Three identical capacitors ia 
differently. For the same Volta Con. 
combination, the one that atoree wg 
est energy is ‘hep! 
(a) Two'in parallel and the third; 

(i it third jn, 8h 


(b) Three in series (6) Three in pray 
(d) Two in series and third in Porat le} 
Wig, 


Two capacitors of equal capaci at 
connected in parallel and then iz fy 
The ratio of the total capacities na 
cases will be thy 
(a)2:1 (b) 1:2 

()4i1 (dy 134, 


The capacity ofa parallel Plate cond, 
is 5 uF. When a glass plate is 


“tween the plates of the conductor, its 
Spo 


é 1 
tential becomes 3 th of the original Vahy 


Placed jy, 


The value of dielectric constant will 
(a) 1.6 (0)5 

(8 (d)40, | 

Two capacitors of capacities C, and C,an 
connected in series and potential diffe. 
ence V is applied across the combination, 


Then the potential difference across Cw 
be 


C: C: 

(a) V2 oS y Cito 

Cy Q 

(av 2 “@vi., 
1+ C2 C, + Cz 


The capacity of a parallel plate condenser 
is 12 pF. If the area of both the platesis 
doubled and the-distance between then 


is reduced to half, the capacity of the coa- 
denser will be 


(a) 124 pF 
(c) 196 pF 


(6) 48 pF 
(d) 136 pF. 


pele FIELD. POTLNTIAL AND CARRE Tt Eys 
ru : 


po Questions for Self Assessment 


1. 


te th i 
Indica © correct choice among the follawing options (a), (b), (e) and (d). 


A point charge A of charge 44 yc and 
another point charge B of charge -1 yC 
are placed in air at a distance | meter 
apart. Then the distance of the pont on 
the line joining the charges and from the 
charge B, where the resultant electric field 
is zero, is (in metre) 

ta) 1.5 (6) 0.5 

1 (2. 

The electric field required to exetta force 
on proton equal to its weight is 

(a) 1.67 « 10-77 No (0) 1.02 « 10-7 Y mt 
(c) 1.6 * 107 Van-? (d) 1.04 x 107V mt 
A charge qis divided into two partsq,and 


(q -4q;). What is the ratio 7 so that the 
1 

force between two parts placed at a given 

distance apart is n:axiraum ? 

(a) 1:1 (b)2:1 

(c) 1:2 (d) 1:4. 

Two copper balls, cach weighing 10g, are 

kept in air 10 cm apart. If one elect:on 

from every 10° atoms is transferred from 

one ball to the other, the Coulomb force 

between them is (atomic weight of copper 

is 63.5) 

(a) 2.0 x 10° N (b) 2,0 x 10¢N 

(c) 2.0 x 108N (d) 2.0 x 10° N. 

An electric dipole consisting of two uppo- 

site charges of 2 x 10°® C cach, separated 

by a distance of 0.03 m, is placed in an 

electric field of 2 x 105 N C~!. The maxi- 

mum torque on the dipole will be 

(a) 12x 10°-'Nm (b) 12x 10-9Nm 

(c) 24x 10-' Nim (d) 24 x 10-3 Nm. 


The insulation property of air breaks down 

sat 3 x 108 V mo! The maximum charge 
that can be given to a sphere of diameter 
5 mis nearly 


10. 


ll. 


fal2etr'c 


(Qelir*e 


hizewrtc 

(die WF 

A charged parucle of mass m and charge 
G13 released from retin an clectnie field 
of constant magnitude E. The kinetic 
encrpy of the particle after time tis 


aE? 2 
(a) i) Eo 
mq po 
9 om in 42, 
20 2 


A charge q is placed at the centre of the 
line joining two equal charges Q. The sys- 
tem of the three charges will be in equi- 


librium if q1s equal to 
(a)-Q2 (b)- Qa 
(c) = Qa (dre Q2. 


Two equal negative charges (-q cach) are 

fixed at the points (0,a] and [0,-a] onthe 

y-axis. A positive charge Q is released from 

rest at the point [2a, 0j on the x-axis. The 

charge Q will 

(a) execute simple harmonic motion about the 
origin 


(b) move to the origin and remain at rest 

(c) move to infimty 

(d) execute oscillatory but not simple harmonic 

motion. 

Three charges 49, Qandq are placed in a 
straight line of length / at point 0, U2 and 
respectively. What should be Q in order 
to make the net force on q to be ere? 


(a)-¢ 54 


()- 29 (d) 4g. 

Two point charges — 2Q and + Qare situ- 
ated as shown in Fig, 15. At which point 
could the resultant clectric field duc to 
these charges be zero? 
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13. 


14. 


16. 


. A charge Q is uniform 


a 
ix bc. o 
j Fig. 15 
(A (hy B 
(ac (d) D. 


nly distributed 
throughout the volume of a non-conduct- 
ing sphere of radius R. The dielectric con- 
stant of the material is K. The electric field 
intensity ata distance r (< R) from the cen- 


_ treis 
1 @ 
ai (8) rer 
@) neok r? 
1 Qe Q_fi 
aes (d) | 
() Fregk WF Anco [3 


A circular metal plate has radius 2.0 m 
and negligible thickness. It is given a 
charge of 40 mC. The electric field. at a, 
point close to the plate and near its centre 


. is nearest lo 


fa) 0.9 x 10°V in! (b) 1.8% 10% Vin! 
(c) 3.6 « 108 Vm“! (d) 7.2 «10° V nel. 
Three particles have charges + 201C cach, 


and they are fixed at the corners of an ° 


equilateral trinngle of side 0.5 m. The force 
on each of the particles has magnitude 
(b) 14.4.N 


(dh 144 YBN. 


(a) zero 


(c) 28.8.N 


. Ifthe Earth's surface is treated as a con- 


ducting surface with some charge, what 
should be the charge per unit area so that 
a proton remains suspended in space near 
the Earth's surface ? Take g = 10 ms~?. 
{a} 0.9% 10°" Cur? (6) 0.9 x 10° C m2 
()0.9x10%C me (1) 0.9 C a4, 

A infinite number of charges, cach numeri- 
cally equal to q and of the same sign, are 
placed along the x-axis atx = 1, x= 2, x= 


 4,2=Band soon. Then the electrical po- 


tential atx = 0 due to this set of charges 


Emporium: Compelitive Physics (Objective 
7) 
(a) 24 hs 


Aq (a) 2 
(3 5 


17, Charge on the 


outer sphere isq, 
and the inner 
sphere is groun- 
ded. Then the 
charge q’ on the 
inner sphere is 
q, for (r2 > 7) 
(a) zero 
(b)q’=9 

r 
(e)q’=- k 

n ij Fig. 16 
Praia fe 
(d)q’=->q- 

n 


18. A charge +q is placed at each of the points 


19. 


x =X X= 8%yr= 5Xp. se Gd infinitum 
on thex-axis, and a charge —q is placed at 
each of the points x = 2x9, x = 4x5, x = Gr. 
saw ad infinitum. Herex, is a positive con 
stant. Take the electric potential ata point 
due to a charge Qat adistancer from itty 
be Q4neyr). Then the potential at the ori- 
gin duc to the above system of charges is. 
gq 
Gio ) Sreo lone? 
(a) 1? 
Antoxg 
Electric charge is uni- ‘ 
formly distributed 
along a long straight 
wire of radius 1 mm. 
The charge per cm 
length of the wire is Q 
coulomb. Another cy- 
lindrical surface of ra- 
dius 50 cmand length 
1 msymmetrically en- 
closes the wire as Fig. 17 
shown in the Fig. 17. The total electric Nux 
Passing through the cylindrical surface is 


(c) = 


150m 


ta) & (4) 1008 
1) £ 

te) 108 (gy 1008 
(neq) (neq) * 


gi. 


22. 


23. 


24, 


25. 


Lp, POTENTIAL AND CAPACITORS 


pectte en 
A pall of mass 1 and charge 10°C moves 
20- from a point A whose potential is 600 V to 


the point B whose potential is zero, Veloc- 
ity of the ball at the point B is 20 cm 5-1 
iy velocity of the ball atthe point Ais 
ta) 167087 (0) 16.7 ms! 

(c) 2.8. s! (d)2.8 ms! 

Two spherical conductors of radii 4 mand 
5 mare charged to the same potential. If 
6, and 02 be the respective values of the 
surface density of charge on the'two con- 


. oO 
ductors, then the ratio — is 
02 bs 
25 16 
= (b) = 
(a) 76 if B. 
5 . 4 
= (d) = 
(5 3 


The ratio of the forces between two small 
conducting spheres charged to constant 


potentials in (a) air (b)a medium of K = 2 
is 

(a) 1:4 (b) 1:2 

()2:1 (41. 


Charge of + Lesu, + 2 esu and +3 csu are 
placed at the three corners of a square. 
What charge should be placed at the fourth 
corner so that potential at the centre may 
be zero? One side of che square isJ2 em. 
(a) + Gesu {b) - Gesu 

(c) + 4 esu (d)-4 csu, 

Given: Electrié potential ata point is:9 = 
xy + yz. The electric ficld at the point 
Q,3, Dis 
(a) 7 units 
(c) 49 units 
Two concentric spheres of radii R and r 
have similar charges with equal surface 
charge densities (9). The electric potential 
at their common centre is 


“w TO units 
(d) 490 units. 


iu 
Zanen 
(a) olty | wen 


(ce) L(R+n) (2) Ren). 
fo Antg 


26. 


27. 


28. 


295° 


A charge + Qat A (sce Fig. 18) produces 
electric field E and electric potential Vat 
D.If we now put charges - 2Q and +Qat 
BandC respectively, then the electric field 
and potential at D will be 

D c 


Fig. 18 

(a) E and 0 (b) 0 and V 

(e) 2 Band (ay) Hand Ne 
z we 


A particle A has charge +7 and particle B 
has charge + 4q with cach of them having 
the same mass m. When allowed to fall, 
from rest through the same electric 
potential difference, the ratio of their 


speeds YA will become 

(ayi:2 "8 (6)2:1 

(1:4 . (dail 

The clectric potential V at any pointx, 
y.z (all in metre) in space is given by 
V = 4x7 volt. The electric field at the 
point (1 m,0m, 2m) in Viv tis 

(a) 8 V along negative x-axis 

(b) BV along positive x-axis 

(c) 16 V along negative x-axis 

(d) 16 V along positive x-axis. 

Fig. 19 shows two equipotential lines inx, 
y plane for an electric field. The scales are 


Fig. 19 


__——eatita 
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30. 


3l. 


32. 


33. 


marked, The x-component E, and y- 
component E, of the field in the space 
between these equipotential lines are 
respectively 
(a) ¢ 100 V/m. 
(bh) - 100 Vim. 
tc) + 200 Win, 
tug) = 200 Win, - 100 Vim. 
Two points are at distances a andb(a <0) 
froma long string of charge per unit Iength 
2. The potential difference between the 
points is proportional to 


© 100 Vim 


a? 
(a) = wz 
a 


a 
(ed fe 

Ya 
A paralle! plate capacitor with a dielec- 
tric constant filling the space between the 
plates is charged toa potential difference 
V. The battery ts then disconnected and 
the diclectric slab is withdrawn and re- 
placed by another dielectric slab of diclec- 
tric constant 2. The ratio of energy stored 
in the capacitor before and after replac- 
ing the dielectric slab by new onc is 


b 
(d) lox, =~ 
a 


3 9 
a) 5 biz 


4 2 
ar (a5. 
The combined capacity of the parallel com- 
bination of two capacitors is four times 
their combined capacity when connected 
inscries. This means that their capacities 
are 
(abequs’ £8) infinite 
oO5uPand1yP  (d) 1 uF and 2uF. 
T*+ equivalent capacitance of three ca- 
pacitors of capacitance C,, C, and C, con- 
nected in parallel is 12 units and the prod- 
uct of C,, C,, Cy is 48. When the capaci- 
tors C, and C, are connected in Parallel, 
the equivalent capacitance is 6 units. Then - 
the capacitances are 


(a) 1,5,6 
(c) 2.3.7 


(d) 2,4, 6, 

34, A parallel plate air capacitor of 
tance Cy is connected to a coll Hi Pay, 
and then disconnected from jt, A 
tric slab of dielectric constant K, whi el, 


just fill the air gap of the capacitg, ;\& 
inserted in it.Which of the followin itn, 
correct ? Bisi,, 
(a) The potential difference between th 
decreases K times. © Play, 
(6) The energy stored in theeapaciter deg 
K times. : i 


7 . 1 
(c) The change in energy is 2 cv (K~)) 


(d) The change in énergy is zee? ( 2 ‘ i 


35. A parallel plate condenser is filled With 


two dielectrics as shown in Fig, 20, Are, 
ofeach plate is A m?and the separation 
d metre. 


Fig. 20 


The dielectric constants are K, and K, re. 
spectively. The capacitance in farad, be- 
tween A:and B, will be 


(a) 04 ag, + > fA we wy 


foA , 5 
(e) <P> 20K + hy) idl 20% ey ~ Ky). 


36. Parallel plate capacitor is constructed us- 


ing three different diclectric materials as 

shown in Fig. 21. The parallel plates, 

across which a potential difference is ap- 

plied are of area A m? and separated bya 

aistance d metre. The capacitance across 
is e 


37. 


38. 


= 6-—-H. 


+A 10 a capacitor and a 20 pF capacitor 


are connected in series across n 200 V sup- 
ply line. The charged capacitors are then 
disconnected from the line and recon- 
nected with their positive plates together 
and negative plates together and no ex- 
ternal voltage is applied. The potential dif- 
ference across each capacitor is 


400 800 
sy =v 
to) ws 
(ce) 400 V (d) 200 V. 


Two parallel plate air-filled capacitors, 
each of capacitance C, are joined in scries 


39. 


297 


toa battery of emf V. The space between 
the plates of one of the capacitars is then 
completely filled up wih a uniform dielee- 
tric having dieleetrie ennstant K. The 
quantity of charge which flows through the 
battery is 


The equivalent capacity betw* 
of the network shuwn in F.g. 22 is 


ByFae FS 
12 uF 
2uF== 2uF 
B 
Fig. 22 
(a) 1 pF (b)2 pF 
(c)3 pF (d) 4 uF. 


40. The capacity ofa parallel plate condenser 


is 10 uF without dielectric. Dielectric of 
constant 2 is used to fill half the distance 
between the plates. The new capacitance 


in pF is 
(a) 10 (b) 20 
(c)15 (d) 13.33. 
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2. 


10. 


——— Answers/Expl 


1. | Selected Multiple Choice Question 


av 
(a) | Bl = ar 
2 E 2 
cB og Eg? 
(y= st y= 13 
2mvy 2(2) jms 


ye tE 42 incor, E and E, are same there- 
© aE, . | : 
fore both the trajectories will be equally 
curved. ; 

(a) Electric potential at any point on the 
surface of the sphere is same as atany other 
point inside the sphere. 

(d) The 
cquipotential line. 

(c) Q= CV; Qsame ;C same; V same. 


(6) Q= CV; C increases ; Q increases. 


semi-circle is clearly an 


|, (d) The neutral point has to be nearer to the 


smaller charge. 


. (e) The electric field duc to infinitely long 


plane sheet of charge docs not depend upon 
the distance from the sheet of charge. 


Vv 
: 6) 3 mot = qViv= Pe wea 


(a) U =—MB cos 0, - MB =— MB cos 0, cos 0 
=1,0=0°. 
Q_ ad 


=cv:v- 2-8 
(Q=CViV= Gg TOA 


jd increases, V 


inereases. 


F is maximum when q,q, is 
y+ 9,92 is Maximum, 
(d) If the observation point is far far away, 
then the electric field intensity ata point on 
the axis of the dipole varies inversely as the 
cube of the distance from the dipole. 


4 tac= 24 .¢ pat C's. 
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s 


18. 


19, 


20. 


21, 


22. 


23. 


24. 


25. 


26. 


. 


, ——— 
anations ——— 


(a) Ifris the distance of the centre fi 
corner of the squarc, then 
Vie a[tt-t-2+4- 
ror 7 f|t0 
iy. Sel Oe _~ : 
(d) og= B.S +E and S are perpendiay, 
$n = 0 ot 


lq 
Chrough one face = & to 


4 
(a) 5 nk =8x 5 R= 2r:CaR, 


capacitance of small drop 


ror 
i Se ee re 
capacitance of big drop R 2 9 
EpA2 , _ ye CoAR 
(6) C= Ky 1 Cy = Ky iC, ang 


C, are in parallel. . 
CoA 
OF og i+ Ky 


(ly. 
(b) Work done = mig (5)-3 a 


C=C,+Cy, 


q 1 
=; Flux through one face = — 2 
(a) OF, to lu 8 face Be" 
1 2h 
( DE Tre 7 


(6) Capacitors A, B and C are in series. They 
give an equivalent capacity of 5 pF, It isin 
parallel with capacitor D of 15 pF. This gives 
a total of 20 uF. i 
(8) Within the spherical shell, potential re. 
mains constant. 

(c) An electric dipole placed in a noo 
uniform électric field experiences both 
torque and force. 

(a) The upper branch contains two capac 
tors, each of 4 pF, in series. This gives 2pF. 
It is in parallel with 4 pF. This gives 6 pF. 
The lower most branch gives 2 pF. Now, 
6 pF and 2 pF are in parallel. This gives 
Sur. 

(6) Neutral point is nearer the smaller 
charge. 


eLe 
soe 


28. 


29. 


30. 


33. 


34, 


35. 


36. 


37. 


.CTRIC FIELD, POTENTIAL AND CAMACITONS 
a aaa a 


toA : 
(d) Cy “OC, = K SOA, Kena 
Sd 3d 
4 
eM 
Cy 4K" 
(aa) If in the distance of from each eatne 
then : 
: a 
-2.9.8,0., 


| 9° For 31 (d) and 32 (a), 
Hl For the case ofan inaultor, the fol. 
towing valucs of Kare not allowed. 
(i) Negative valuca 
(ii) Values lens than 1 
(iii) 0 : 
| (iv) = 


(d) When the two balls are connected bya 
conducting wire, the net charge is (2Q - Q) 
i.e., Q. Since the balls are identical there- 
fore charge Q gets shared equally between 
the two balls. 

Now, Fe 2Q? oli) 


vii) 


/ 
ie ee 
Fo4, 2Q? 8 
or F’= 
vo. 
() |El= bad = 1000 NC-! 
100" 
ty te Ge tt 
Anto R* 4nR?'to to 
(a) Fe q(Q-9) 


F wall be maximum when 


9=Q-q or %4=Q or a8, 


(c) Note that the equation x? + y? = I¢ is the 
equation of circle. 
‘This equation is purely hypothetical. 
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pa ee 


39. 


42, 


Think! 


Can wr have cireular electric tines of 
foree? 


For 38 fe) 


EX The electric field at a point on 

| the equatorial line is opposite to 
the direction of the dipole moment 
of the dipole. 


(c) Char,es will be induced on the metal 
plates A and Bas shown. 


s 


L 


* 
’ 
+ 
+ 
+ 
. 
’ 
+ 


Fig. 23 


It is clear from the Fig. 23 that (a), (b), (c) 
and (d) are correct. 


| ©8 For 40 (b) and 41 (c). 


@ The electric potential at every 
| point inside the hollow metal 
aphere is the name aon the sur- | 
face of the sphere. 

| @ Electric lines of force and 
equipotential surfaces conatitulea 
| mutually perpendicular network. | 


(c) When the negatively charged rod is held 
near a conductor X that is earthed, the con- 
ductor legomes positively charged as shown 
in Fig. 24. 


. ee 
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43, 


44 


45. 


46. 


aw of electrons from the 


is free Nl : 
Since there conductor must 


conductor X tothe Earth, the 
beat earth potential eventually. 


(b) Potential at A 


i) 

Irv, = V,. then 
a 
i 

or Qilty= O48 


In this case, there will be no flow of charges. 
However, if the given spheres have unequal 
potentials then the charges shall Now from 
higher potential ta lower potential. Flow of 
charges shall be accompanied by loss of en- 
ergy: 

(a) The following Fig. 25 illustrates clearly 
the concept involved in the given question, 


Fig. 25 


Same number of lines of force pass through 
the two concentric spheres. 


) A mt@2 @ 
2 ARCO Tnin, 

or fae ™ 2Q? 
"(Ane g)mu? 


a 


Clearly, ri, (i) e Q? (ii) « i (ili) 
: m 
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47, (d) Distance of corner from centre 


1 (jr + (42)? m= 1m 


109 
ye [10+5-3 + Bl « 104 yo), 


= 1.8 x 10° volt. 
1C€ 


1V 
_ 3x 10° stntcoulomb 


48. (b) 1F= 


a statvolt 


=9x 10! statfarad. 
49. (ce) Tho network is equivalent to 


A Cc 
Cc 
c 
Fig. 26 
Therefore equivalent capacitance, 
= [2C series C] || [C series 2] 
= of 2x) _ 4c 
20+ C) 3° 
60 (c) o-ptte 
a Cy, Cy C2 Cy 
athe ais! +Cy7*+Cq7 
‘2 
or C, = (072+ Cg) + Cg". 
2 2 
51. (6) u,= Su, = 
‘= KG" UF 96 
U,> U, 
This climinates (c) and (d). 
Again, we know that 
Vo 
VvirkK oo Vj=KV 
This decides in favour of (b). 
52. (d) Ge Rat 


POTENTIAL AND CAPACITORS 


c pipe. P 
ge ' 301 
Qi ver Qandene 57. 
4) (ayo * v BPs c TRY stored in » €,=2C 
6s {1 
“capacitor is fv dQ = shaded are’ under C,= c 
a curve of V versus Q 2 
# i 1q? 1 C, 2c 
eb fQdd=5 ee ze aloy et 
é CoA . 
a ve 
64 (a) d §8 (c) Ke ra or V= re 
Ca ly, 
A= ty o gre or K=8. 
_ 3x hx 1073 ; ‘ CC? 
= 305% 1072 e107! = 17x 10% m? 9. (c) Total capacity = GeG *C 
C =4ntgR 
55. (c) fo! Total charge = C102 v 
90 x 1072 Cr+ Ca 
c= x10" In series combination, the charge on each 
. individual capacitor ts the same as the charge 
a c= 107'°F on the series combination. 
= 100 x 10"? F = 100 pF So, potential difference across C, 
1 OV 1, G_y 
gs. ) UR ZO =O rGy Cy C+ Ce 
or UsC (+ Visgiventobecenstant) 60. (6) cw A ce 2A 
U will be maximum when C is maximum. a are 
Maximum capacity is obtained in the case or Ce cL 
of parallel combination of three capacitors. "Cc 4 
* or C’=4%12 pF =48 pF 
' 
it. | Questions for Self Assessment 
1x10%% 4x107% 3. (6) Fe qg—-49)) 
. (e) 9x 10° —z— = ° erage 
1, (e) 9x 10° “gr = 9x 1 F will be maximum ifq,(q—q,) is maximum. 
1 2 or = qy=9-4, oF 9= 24, 
Cf SS, . 
rorel ee SF 
or Qr=r41 or r=im. a} 
2 4yC -14C 4. (c) Number of ieee n 
2: 18° 
: : 8X10" F191. 8x10 
635 10° «63.5 
$i 1 B 
aa mat qa eso x16 1077 ¢ 
ii 635 
ig. 27 or g=15x107C 
2 (6) cE=mg 9x10? x 15x 1077 x 15x10" 
e _ mig _1STX107 x98 |, ° (2) . 
=e 1ex1o™ | ™ 100 
= 1.02 x 10-7 Vm". =2x10°N: 
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Emporium: Competitive Physicg (0%, aie eld. VO" THORS i 
Nt | we 03 
2 J 
Bas * B= eer 2) 20% 109» 198 1 
wy TE Ne 50: 19. 
5. : she ig (0,0) #-9 21.8 «10° V mr", (b) 2 a enclored charge 
=0.03m 
2x10 NC" é Q 9 x10 x 20% 10°? 29 « 4p-6 dQ im - 18 
(2a, 0) @ Fe 05x05 N : ‘a fo 
we 4 _ 20. i : 
10a 0.03 «2x 10° Nm (0,-a)p-a =144N Pr (a) 5 «1070.2 - 07} = 600 « 107 
212, 109Nm. ve Zc Net force or 004-17 = 1200 « 10-* 0.012 
1 Qo 2 14.4 JG N. or v4 20.04 -0.012 = 0.028 
6. (Ew = Gney RF - Fig. 29 : ‘or v= J00zsms!=0.167ms! 
629X107 X Ame iy 0 f ‘ : =16.7ems"! 
3x10°=—Zon25 10, (a2) ——_———+—____9 - 4eR,? QR? 
if : nee ' 5 @) cba Fig. a1 at el ae a al * Fa 
gx 108 x 25 x25 4 , 16. =I; A re 
an —7 oa Come 
ee ‘ 7 oo ia Cy vA? Ry, Re? Re 5 
—} Sore bal ae 7 
: 5 x 107!? x 167x 10?” x 19 i aa eae 
7. (b) Fig. 30 2 5.85 x ee oe mz 2% (b) To keep potential constant, charge has 
. orO= 1.6 x 10 to be increased by a factor of K. 
2 1A <2 
4 dq ¥ =0.9 x 10-'*C m 1 
Se =-F or Qe-g : Now, Fz 
: 11. (d) Electric field due to charge + . 16. (a) ss . 
Kinetic energy : ing e+ 0 ie Be = ‘ (kK ont a) 
2 : a ea ay 
=}n[ 24) EL Gey r2 i Kam 
tg Electric ficld due to charge ~ 2Q, F. or Pogo a 
E2g2? 1.99 7 Flo 
a ~ Aneg a Yotential at Lhe surface of in here Again, = = a 
8. (6) Consider the equilibrium of charge Q 17, (c) Potential a ner sphere EK 
ata ; . . For net field to be zero, P = 0 (grounded) 2. (6) fert=2 
A - 1a,i4¢7¢.5 or 27=2 
¢ «° o Aneto mM  4nty or r=lom 
——4 ea : ect iow, 26243 
> : The condition is satisfied by point D. a or q=-6esu 
a 12. (ce) Enclosed charge ~ ae aes 
z : ‘ q 1d Py ea 
: = ltotsti. 24. ( Es-—i--J 
Gj Fig. 28 _Q 18, (d) Vs Tex f a°s | a) ae a 
43 a 
a & : gm ; a [t,1,4 Now, E=- > Gly +yz)=—2y 
pe ade 3 “atom [27467 a 
1 Q MEQXy 3 
= < eoashcreedl z)z— xt -z 
fe por: Now, B= eae fe Ey=7 bYey 
‘ 1 @ v-—? p-3+9-7+ a ie 
9. (d) From considerations of symmetry, we Thee K no AnEg% 364 E,= ">, Gly +yz)=-y 
find that the net force on Q is directed.to- a) 3 é — : 
wards O, As Q approaches O, this force in. 13. (6) Charge density —%— (notice factor 2) or V=q log, 2 E= Jb,?+E,'+E, 
creases. As Q moves to the left of O, the force 2? nae laxhieatery 
is again directed towards O. So, the motion rom on i z 3 x4 = f4xty? (x? 42°04 
is not SHM. Clearly, the motion is oscilla- is; mes this [conductorcaety OF og idex)ex-Let 5s 


tory in nature, 
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21 Band C respec vely. 


Q@ 22,9] 


wiles in favour of (a). 


Thss 
To anuy 
(o) ZR re 
1 
? 
2 ow 
Dwiding, 18-2 or 
eo aw 
ra} 
oa m2 
(a) Ve4r 
dav. 
& =&& 
~9V og: or E=-fe 
dx 
or E=-8(1)=-8V 


Clearly, the electric field is 8 V along nega- 


tive x-axis. 


J. (6) 


Time-saving 
solution 

Clearly, x-com- 
ponent is nega- 
tive and y-com- 


Ponent is posi- 
tive. 
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30. 


31. 


32, 


35. 


rt) 
or dV =~ ai 
ig | 
‘ 
or V blog 9} 
d b 
or Vy-Vs= dng, 18 
(B= 20Cy) v2 = SCV? 
= °. 
BF 2c0)(S =v 
2 4 
Ej _ 3CpV? 42 
Ey 2 9C,v? 3 
_ ACC 
()C+C,= FG, 


or (C,+C,)?—4C,C,=0 

or C,?+C,?—2C,C,=Oor (C.-C. 
= C,=C, 
(d)C, + C, + Cy= 12, 
C,C,C, = 48, C, + C, =6 


Now, 0,=12-6=6,0,0,235 
C,-C, = ¥(C; + C2)” - 40,0, 
= (36-32 = /4=2 
Now, 2C,=8 
or ©,=4,0,= 4-2 


Change in energy 
=U,-U, : 
1 1 
=—CyV4| —- 
2 Co (z i) 
Note that this ‘change of energy’ is negalivt 
Le., there is a decrease of energy. 


) C= K, fo NP mA 
1 Ki 


31. 


38. 


yc ee 


Bes] 
yc 
v x 2 MeL A 


pp. POTENTIAL ANU CAPACTIONS 


Cyd hd 
c=C,+C, or C= od A Kok 


ows 
N alt 
eK, ee AK 
(a) mld d 2 
t A 
oe 
2 tA 
C,=K, 7 “Kt 
2 
we 
2 GA 
C= Ky ge Ka 
2 
Cc and C, are in series. 
2 
= tg | Koka 
Cu= "GK, + Ky 
Now, Cy and C,, are in parallel. 
foA Ky , oA) Ko Ky 
Cwa="d 2 d me 
a foA| Ki, Ke Ks 
““d (2 Ke+Ky 
1020 200 _ 20 a 
(a) ©.= 70420" 30 <3" 
Q=C,V 
= ur x200V 
2 uc 
= 40004C _ 4000, _ 400 
Now. YV=3ya0uF 90% 9 
F = Cc KC 
(a) Capacity changes from 2 to iG 
CV, KCV 
Charge changes from — toy - 


Quantity of charge Mowing through the 
battery. 


39. 


40. 


(a) Capacity -£6 yF and 12 pF in eenes 
72 

= he aP 2 4yuF- 

This (uF is in parallel with 

capacty is 6 pF. 

‘Tee pY and lpF arein serves. Capanty is 

gH. 

2 pF and 2uF are in parallel. Capacity is $ 

oF. 

4pF and 8 pF are in senes Capacty is 

4x8 

e 


2 4 uF, Total 


pop hh te. oF ee. Sur 


2 yF and ‘ pF are in parallel. 


Capacity’ of parallel combination i 


te, Zur. Now, 
Senes . 


32 32 
Series ity is 23_ 9 pF 
ney ae ae 
m3 
ie, 32432 ue or Wh Ure i pe 
288 + 736 02s 


(d) The given capacitor (without dielectric) 
is a series combination of two capacitors, 
each of capacity 20 pF. After the introduc- 
tion of dielectric, the capacity cf one becomes 
40 pF while the capacity of the other remains 
20 uF. 

40% 20 
40-20 


40 eal, 
Soy nP=15 5 oF. 


500 
Now, C= wF oor Ca uF 
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Current Evecrricity, THERMAL AND 
CuemicaL Errects oF Currey, 


IMPORTANT FACTS AND FORMULAE 


Current Electricity and Sources of emf 
—_—— 


4 


n 


Electric current through the given arca of 
a conductor is the net charge passing per 
unit time through that area, 


I= £ = * (for steady flow of charge) 
dq 
andI= ah (for non-steady flow of charge). 


Current flowing per unit area is called 
current density J. 


eit 
“A At 


Relation between drift velocity y, and 


J 


- ot F 
electric field E is: vy = “at where tis 
relaxation time,? is electronic charge and 
mis the mass of the electron. 

Relation between drift velocity v, and clec- 


. . I 

tric current Tis vu, = Tea Where nis the 
number density of charge carriers i.e. the 
number of charge carriers per unit volume 
and A is the cross-sectional area of the con- 
ductor. 

Ohm's Law. The current I flowing 
through a conductor is dircetly propor- 
tional to the potential difference V across 
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6. 


10. 


11. 


the two ends of the conductor, Prov. 

physical conditions such as temperate 
mechanical strain cct. remain the sant 
V« lor V = IR, where Ris the resittanee 


of the conductor. 


Relation between resistance Rand Telaya, 


tion time t is R= » where A is the 


m 
ne’tA 
cross-sectional arca of the conductor and 
lis the length of the conductor. 

The resistance R of a conductor depends 
on its length/ and constant Cross-sectional 


area A through the relation: R=p i. 


Here p, called resistivity, is a Property of 
the material'and depends on temperature 
and pressure. 


. Total resistance R, ofn resistors connected 


in series is given by R, = R, + Ry + won Re 


}. Total resistance R} of n resistors connected 


in parallel is given by 
a eee 1 


Sot tate to 

R, Ry Rp ao 
When two resistors are connected in par- 
allel, the currents divide themselvesin the 
inverse ratio of resistances. 


Ohmic conductors are those conductors 


. Which obey Ohm's law. 


12, 


Non-ohmic conductors are those conduc: 
tors which do not obey Ohm's law. 


21. 


22, 


23. 


24. 


25, 


aye % 


yematian of 
vith tempe 
juctor 
cone 


UFOS ive hy - 
1, 1 ead) whe 4 
2 in 


21, 0s the Te atanen 
Wie. It, 1 Che revintoner all C anda ” 
e temperature cocflicwont Of resistance, 

smperature at which a substance 
IHits resistance 1called critical tern. 
and the phenomenon is called 
ivity. 


the te 
asc 
ernture 
gupercanduct ; 
The relation between internal resistaner 
rome E, terminal potential differenee y 
and external resistance Rig:r = EY 


when the cel? 


ending current through 
the external resistance, then V = E — Ir, 
when the cell is being charged, V= By be. 
When !t cells, each of emf E and internal 
nce r, are connected in series, then 

nE 
nr+ Ro 
When internal resistance is negligible, 
then the cells are connected in series to 
getmaximum current. 
When n cells, each of emf E and internal 
resistance 7, are connected in parallel, 
then the current is given by 

EO 


= r 
R+2 
a 


resist 


the current is given by I= 


I 


When external resistance is negligible, 
then the cells are connected in parallel to 
get maximum current. % 
If n cells are connected in a row and m 
such rows are connected in parallel, then 
the current is given by 
nE 
ae 
m 

When external resistance is comparable 
to internal resistance, then the cells are 
connected in mixed grouping to get maxi- 
mum current. 
According to Kirchhoff's current law, the 
algebraic sum of currents meeting at a 
junction is zero. 
According to Kichhofts voltage law, the 
algebraic sum of potential drops and emf's 
along any closed path in a network is zero. 


2. Coraition fora 


Halanerd ja: 


Wheatatone bridge tn be 


PoR . 

q's: 
In the cave of meter bridge. the unknown 
UE RE, where 
Crepresents the balancing length and Ris 
the resistaner, 


Th the case of potent neter, the poten- 
tial differenes V across any length 1s pro- 
Portional to the length f. 

For comparing emfs with the help of 


Pesiatance is given ty = 


potentiometer, Et = Herel, and/,are 
i 


the balancing lengths obtained with cells 
of emfs E, and E, respectively. 

For the determination of the internal re- 
sistance of a cell with the help of 


he 
potentiometer, r = — h R 


Here /, and J, are the balancing lengths 
corresponding to the emf E and terminal 
Potential difference V respectively. Ris the 
resistance of the shunt across the cell. 


30. 


Thermal Effect of Current 


1. When a current | flows through a passive 
resistor R for time ¢, heat Q is produced 
such that Q = Re. 

This is Joule’s law of heating 

2. Ina passive resistor 

v 

T 
volt = ohm x ampere 

(it) Power consumed 

= heat developed per second, in watt 
y? 
P=PR=IV= z 
(iii) Heat developed in time ¢. 
Electrical energy consumed 
= Heat developed in joule 
2 


ry = ez Mt 
PRe= IV = 


(V=IR:1=<R 
i) V= Te geRe 
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vice whatever 
sumed 
Joped in other forms 


3. Inany de 
Electrical power con 
= Power deve! 

p-IV 

watt = ampere * volt. 
PsP 
(eVIPpe tel 

4, Electrical energy =Vit= rR t 


The practical unit of electrical energy 'S 


kWh. 

LkWh = 3.6 x 10°F 
The material of a heater element should 
have high resistivity and high melling 
point. 
6. The material of a fuse wire should have 
high resistivity and low melting point. 
The heat produced in a conductor is inde- 
pendent of the direction of current. 


" 


Chemical Effect of Current 
snatch 


1. According to Faraday's first law of elec- 

trolysis, the mass ofa substance depos- 

- ited at the cathode or dissolved off the 

anode in electrolysis is proportional to the 

charge Q passing through the electrolyte. 

me« Q,m = ZQ=ZIt 

Here Z is called electrochemical equiva- 
lent. 

2. According to Faraday’s second law of elec- 
trolysis, the masses of different substances 
produced in electrolysis, by the same quan- 
tity of electricity, are proportional to their 
equivalent masses. 


fh By 
m Ey 
E 7 
3. Zs F, where F is Faraday constant. It is 


the quantity of charge required to liber- 
ate one gram equivalent of the substance. 
Its value is 96500 C mol-}, 


4, Electrolysis of CuSO, 
At the cathode 
ions drift to the cathode and 
ised by the electrons flowin Meng 
tive terminal to the exh 
ha) 


source. 

Cut! + 207 ——> Cu 
At the anode 
Cu dissolves into the solution Pra ’ 
Cutt and 2c”, the latter flowing tothe 
tive terminal of the source, Pegi, 

Cu——> Cur* 40,. 

In effect, copper is dissolved off th 
and deposited at the cathode, 
Electrolysis of water 
At the cathode : 

4H,0 + de” —— 40H- + 947 
At the anode: 

2H,0 - 4e~ > 4H" +0, 
In the electrolyte, H* and OH- diffug 
away towards the opposite clectrodeg iti 
neutralise. 

4H’ + 40H” —> 4H,0 
The net reaction is 
2H,O —+ 2H, + 0, 

which requires 2.9 eV per molecule, 


Cand, 


a 


Thermoclectric Effect of Current 


1, If two junctions of dissimilar metals are 
held at different temperatures, an emf 
develops causing current to flow. This is 
Sceback effect. 

2. When an electric current is passed through 
a junction of two dissimilar metals, heat 
is cither absorbed or released at the june. 
tion, depending upon the direction of cur- 
rent. This is called Peltier effect. 

3. Thomson effect refers to the emf that de- 
velops between two parts of a single metal 
when they are at different temperatures, 


Selected Multiple Choice Questions 


choose the correct answer fro 
ing questions : 
The units of currentinC.G.S, emy system 


is 
(a) 104 
(c) 100 A 


a. 3 


(b) INDA 
(d) 1/1000 A. 


athe circuit below : 


Fig.) 
The currents i, j'and k are in the ratio 
(a) 1:23 (b)3:2:1 
(c)251:3 (d)3:1:2. 


be 2 
(a) 15.2 (b) 30.9 
fc) 20.9 (d) 409. 


4. Two heater wires of equal length are first 
connected in series and then in parallel, 
The ratio of heat produced in the two cases 
is 
(a) 2:1 (b) 1:2 


“(4:1 (d) 1:4. 
6. The total electrical resistance between the 
pointsA and B of the circuit shown below is 


102 


a et 
Fig. 2 


(6) 159 
(d) 1002. 


1002 109 


(2)109 
. (309 


7. 


m the . 
fouralternatives given in each of the follow- 


The potential difference between the 
ssi de of the electrical circuit 


Fig. 3 
@15V (8) 1.0V 
075 Vv (MOsv. 
Copper and germanium are both cooled to 
70 K from room temperature. Then 


(c) resistance of copper increases while that of 
germanium decreases 


(b) resistance of copper decreases while that of 
germanium increases 


(c) resistance of both decreases 
(d) resistance of both increases 


8. In this circuit, current ratio z depends 


Upon 
R, 
a ‘ 
' 
E 
Fig. 4. 
R~  (b)R,R,R,and E 

(c)R, and R,only —(¢) Eand Ronly. 


9, The number of free electrons per 10 mm 


ofan ordinary copper wire is 2 x 1021, The 
average drift speed of the electrons is 0.25 
mas. The current flowing is: 

(a)0.8A ()8A 

(e)80A 5A 
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10. 


1M, 


12. 


13. 


=) 


14. 


3 42 resistor is 0.8 Ay 


prough mc tnpet 
Ifcurrent thre frrouygh 482 resistor 1s 


then potential dropt 


39 
4Q 
6a 
Fig. 5 
(ay 96¥ (by 26V 
(AV (Lev. 


A cell of emf E is connected across O re- 
sistance r. The potential difference be- 
tween the terminals of the cell is found to 
be V. The internal resistance of the ecll 
must be 

{a) AE - V) Vir (b) AE - V) rfE 

((E- VV (d) (E - Wir. 
Avurrent of 2.0 A passes through a cell of 
emf 1.5 V having internal resistance of 
0.15Q. The potential difference measured 
in volt across the terminals of the ccll will 


be “ 
(a) 1.35 (b) 1.50 
(c) 1,00 (d) 1.20, 


Which of the following cells is more likely 
to be damaged duc to short circulating ? 
(a) Daniel (b) Dry 

(c) Acid (d) Pucl. A 

For a fuse wire to be installed in the sup- 
ply line in a house, which onc of the fol- 
lowing is an cssential consideration ? 


* (a) the specific resistance of the material of the 


1b. 


16. 


fuse wire 
(b) the diameter of the fuse wire 
(c) the length of the fuse wire 
(d) none of these. * 
Ina parallel arrangement if(R, > R,), the 
powcr dissipated in resistance R, will be 
(a) less than in, (b) same asin Ry 
(ce) more than'in R, — () None of these. 


The drift speed of electrons in a conductor 
is of the order of 

(a) 107 avs (b) 10% nvs 

(e) 107" vs.” 


(d) 10% is, 


17, In the circuit shown, the current}, 


18. What is the relation between currents 


Emporium: Competitive Physica (Objcey 


99 2 resistor, if the potential ditty 


in the 
across XY is 60 volt, is te 


Ten, 


5a 209 
x 7 
|¢«——_50 v——>| 
Fig. 6 
(a) 0.4 A (104 
(c) 2.5 A (d) 2A. 


I, and I, in branches 1, 2 and37 1, 


Fig. 7 


{a) Same (b) 1, +1, = 25 
(o)1, +1, = W2l, 


(d) No, relation between them. 


19. A 20 volt battery has a capacity of 105J, 


How long it can supply a currentof10A? 
(a)5 x 10°s (8) 5 * 10's 
(e) 2x 10's (d)2« 10's. 


* 20. 3m long wire having resistance = 100 9 


is applied a voltage of 6 V. What is the 
potential difference between two points 
50 cm apart ? 


+ (@)0.5V 
(b) 1.5 V 


(b)1V 
(dy 2V. 


21. Iftwo resistances‘are first joincd in series 


and then in parallel, then the ratio of heat 
produced in the two cases will be 
(al l:4 (by 4:1 


(c)2:1 (d) 1s. 


23- 


24. 


26. 


27. 


28. 


29. 


When a ‘substance was heated, its conduc. 
tivity was increased. What should it be out 
of the following ? 


(a) Metal 
(ce) Semi-conductor 


(b) Insulator 
(dl) Semi-metal. 
Inthe balanced Wheatstone bridge circuit 


as shown when the B 

key 18 pr » what 

will be the change in ‘s 

the reading of the gal- K c 
vanometer ? c 
(a) Remains same ° 

(b) Increased 

(c) Decreased ¥ig.9 


(d) Becomes zero. 
If two resistors of resistances 2R and R 
are connected in parallel, then the heat 
produced in them will be in the ratio: 
(a) 1:2 (b)2:1 

(c) Lid (d) 421. 

Two wires of resistances R and 2 R are 
connected in parallel. The ratio of heat 
gencrated in 2R and Ris 

(a) 1:2 W201 

dc) lid (d) 421. 

The charge carriers:in an cicctrolyte are 
(a) negative ions (b) positive ions 

(c) both A and B (d) none of these. 

The charge carries in super-conductors are 
(a) electrons 
(c) phonons 


(b) protons 

(cd) photons. 

Wire of resistance R is stretched to thrice 
its original length. What is its new resist- 
ance? 
(a) OR 
fo BN 


(b) V9. 
(d) 1v3. 


int ELECTRICITY, THERMAL AD Hn agegy 
ann ° UTETS OF Chinurser uM 
y, What's R? » 
A 025A + Call of emf 1 volt 1 conneeted across a 
rr emer Balancing length is 600 em. 
atv 
. ne m vis vall be the balaneing length for 1.6 
‘ ? (40 em (b) 00cm 
; A (90 em (d) 1200 em. 
Fig. B I. EMP is most closely related to 
Saal (600 Canes force (b) potential difference 
Cl electric field (d) magn 
on tditeac a we: 22. fi id) magnetic field. 


When three equal resistors are connected 
In Reries with a battery, they dissipate a 
bower of 10 W. What will be the power 
dissipated through any of them if it is in- 
dividually connected across the same bat- 


tery? 
(a) 30 W (b) 103 W 
(e) SOW (d) 10 W. 
33. IFE =at + b#2, then the neutral tempera- 
ture is . 
(a) - 2a (b) - 2bic 
(b) - al2b (d)-bf2e. 
ue 


A wire is drawn such that its radius 


changes from, to(r/2). The new resistance 
is 


(a) 2 times 
(c) 8 umes 


(0) 4 times: 
(d) 16 times. 
What is the resistance of a carbon resist- 


ance which has bands of colours brown, 
black and brown ? 


(a) 100 0 
(10.9 


(b) 1000 2 
(12 


36. Faraday’s 2nd law states that mass de- 


posited on the clectrode is directly propor- 
tional to 


(a) atomic mass 
(b) atomic mass * velocity 
(c) atomic mass/valency 
(d) valency. 

37. Lis 


409 80V 
Fig. 10 
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38. 


39. 


40. 


41. 


oad (Wy- O44 
cia (dy-O8A - 
ait P t to 
i V cell comes ou 
Null point with 1 ee 
Toca and with R pe SN ee aT ihe 
resis 
What is the interna 
coll ? 
(2) 0.5 2 (0) 04 82 
(12 (d) 0.2 2. 
Twodiflerent metals are joined end to end. 


Onc end is kept at constant temperature 
and the other end is heated to avery high 
temperature. The graph depicting the 
thermoemfis 


E E 
—_ — 
(a) (b) 
e “aN 
> cd 
. (c) (d) 


Fig. 12 
Two wires having resistances R and 2R 
are connected in parallel. The ratio of heat 
generated in 2R and Ris 
(a) 1:2 (b)2:1 
(c) 124° (41, 
Resistance of a substance decreases with 
Increase in temperature in case of 
(a) Semi-conductor —(b) super-conductor 
(e) se etals {d) conductors, 


Emporium: Competitive Physica (Object) 


7] 
42. 
Fig. 13 
What is the current in BD? 
(a)0 (b) 0.033 A 
(©) 0.066 A {d) None of these, 


43. e=at -3 fie?, temperature of inversion is 
(if a = 500.0 pV/°C, B = 5.0 pV/square 0) 
(a) 100 (b) 200 
(c) 300 (d) 400. 


44. If the colours are blue, blue, red, silver, 


then the resistance is 
(a) 66 x 10°= 10% 2 (b) 22 «108s 10% 
(c) 66x 10°25%Q2 (d) 66x10? + 1049, 


* 45. A potentiometer is used to determine the 


emf ofacell. No current flows through the 
galvanometer. If the cell is shunted by a 
2 Q resistance, the balancing length 
becomes half. What is the internal 
resistance of the cell ? 


(22 , (8)42 
(c)1Q (d) None of these. 
46. The conditions for maximum power out- 
put are 
(a) R=r, E%/2r (b) R=r, E%/4r 
(c)R =r, E%r “(d) R=r, 2E%r. 
47, IfE =at + bt?, what is the temperature of 
inversion ? 
a a 
(a)- Z (b) + 2B 
a a 
(c) = 5 : (d)+ r 


erated in Rand 

an? 

(a) 2:3 

(by 1:2 aR A 
(aid 

(d) 1:4 


Fig. 14 
iece of wire of resistance 4 ohm ; 
augh 180° at its mid-point bee 
halves are twisted together. Then the re. 
sistance Is 
(a) 8 ohm (6) Lohm 
(c) 2 ohm (d) 5ohm. 


Three equal resistors are given. How many 


* gifferent combinations can be made from 


them? 
(a) three (6) four 
(c) five (d) six, 


3. The diagrams show five different ways in 
which currents I,, I,, I, can combine ata 
junction. | 


(A) (B) (C) 


Fig. 15 
For which of these junctions, is the follow- 
ing equation correct ? 
1,+1,=141, 


anes ELECTRICITY, THERMAL AMD CoHespegy ie 
y ——FFECTS OF Cuap sree 


C ; 313 
whatis the ratio 


AB» of the heat gen- 


(aia ws 
(iC 1) D 
(WE, 


; 6 volt battery is connected across a 
J ohm resistor. The current is 4.5 ampere. 
The internal resistance of the battery is 
(a) vero (b)05 chm 

(ce) Ll chm (d) 5.0 ohm. 

A series resistance of 8.5 Q is required for 
Connecting an arc lamp having the rated 
voltage and current of 42 V and 10 Are 
spectively to a circuit. The voltage in the 
Greuitis 

(a) 169 Bu9V 

()127V (ay i3v. 

Three resistors, each of 2 chm, are con- 
Nected together ina triangular shape. The 
yessiance between any two vertices will 


(a) 4 obm &) 3 cba 
3 4 


(ce) 3ohm (2) 6 chm. 


. The diagram shows two squares, Xand Y, 


cut from a sheet of metal, of uniform thick- 
nesst, X and Y have sides of length Land 
2L respectively. 

x ¥ 


Fig. 16 


The resistances Ry and Ry of the squares 
are measured between the opposite faces 
shadcd in the diagram. What is the value 


of Bx 

Ry 
(a) V4 (b) V2 
le) 1 (d)2 
(e) 4. 


——a=— \ 
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56. 


ts A 
The patential difference botween poi 


and Bin the Fig. 1718 


Vo o7n 


‘ eV om , — 


a 
a 


58. 


59. 


| Nidentical cells, each 


Fig. 17 

(WIS V 

(de 51. 
of emf E and inter- 
nal resistancer, are joined inscries to form 
a closed cirevil. One cell A is joined with 
reverse polarity. The potential difference 
across cach cell except Aas 


(o)3V 
to-5.1V 


2E N-1 

wy wor je 
N). #2) 
cn B*\e 

(ea) wa N 


‘Acircular plastic disc of diameter d hast 
metal studs uniformly spaced around its 
circumference. Each stud carriesa charge 
q. The disc is made to rotate about its axis 
at p revolutions per second. What is the 
equivalent current of the rotating 
charges? 


(a)ng/p (b) ng 
(c) npq (d)inpg/nd 
te) ndnpq 


Threc resistors arc connected as shown in’ 
Fig. 18 using connecting wires of negligi- 
ble resistance. 


Fig. 18 


What is the approximate resistance 
between points P and Q? 


{a)05Q (b)0.82 
(e)2.0 2 (d) 2.29 
(13.6.2. 


Gl. The emf of a battery is 28 y 


Emportum: Competitive Physicg (OY; 
Veet) 
a) 


g0. Why docs the current increagy * 


potential difference applied try ent 

tallic conductor is increased 2 Ms, hy, 

(a) There is lens chance ufa charge gq 
ing an atom. 

(b) Themean time between collisions g 


(c) The acceleration of the charge ey 
tween collisions increases, 


me 


Tien 
(d) The rise in temperature i 

mal motion of the change carrie ey, 
(c) More charge carriers are Teleased, 
internal resistance is 0,.80Q, Whoned iy 
is connected across the battery, thevoli? 
across its terminals becomes 24 y 
current through the lamp and resists It 
of the lamp are respectively : Mee 
(a) GA,AQ (b)5A, 4.89 
(c) 4A, 6.2 W48A,59. — 


62. The diagram shows a rectangular eek 


with dimensions x, 2x and 3x, 


Fig.-19 


Electrical contact can be made to the block 
between opposite pairs of faces (for exam- 
ple, between the faces labelled P), 
Between which two faces would the maxi- 
mum electrical resistance be obtained? 
(a) the faces labelled P 

(b) the faces labelled Q 

(c) the faces labelled R 


(d) the resistance is the same, whichever pait 
of faces is used. 


67. 


stances R, 
dR, as shown 

athe circuit dia- 

gram. 

What is the po- 


tential difference Fiz. 20 
cross the resis- 
tor of resistance R, 
FR, + Ra) vy ERR 
et Ry + Ro 
(Ry + Ro) ER 
(c) —h td) z 
ER, 


(ec) Tyre i 

Two electric bulbs, rated for the same volt- 
age, have powers of 200 W and 100 W, If 
their resistances arer, andr, respectively, 
then 

(a) ry = 22 (b) r= 2r, 
(d) ry = dr. 


(ce) ry = Ary 
The water in an electric kettle begins to 
poil in 15 minutes after being switched on. 
Using the same mains supply, should the 
Iength of the wire used as the heating cle- 
ment be increased or deercased if the wa- 
ter is to boil in 10 minutes ? 

{b) increased 

(c) unchanged (dl) none of the nbove. 
An elcetric bulb rated for 500 W at 100 V 
is used in a circuit having a 200 V supply. 
The resistance R that must be putin se- 
ries with the bulb, so that the bulb draws 
500 W is ' 

(a) 18 & (b) 202 

{c) 40 2 (d) 700 Q. 

The time required by 1 kW heater to raise 
the temperature of 10 litre of water 
through 10°C is 
(a) 425 

(e) 420s 


(a) decreased 


(b) 210s 
(d) 8405. 


ie ler 14 1000 W at 1000°C 
Power at 400°C? Given : 
ae Coefficient of resistance of 
i Fewie is LA 19-4 cot 
a, ‘ y i, ; 
fee low WAI Ow 
4 10 19w (4) 9.68 © 1 W. 
) AD : 
i Qand a 23 2 resistor are connected 
: Parallel across a J Y battery. The en- 
; TRY Riven out Per minute is 
pitied (G00 ¥2eI9"3S 
he Vax3n3J (d)601329425. 
piece in clectrie bulb decreases 
then the power in the bulb de- 
Creases by approximately 
(a) Le (bh) 2% 
fe) 0.5% td) 0.25%. 
Aconstant voltage is applicd between the 
two ends of a metallic wire. If both the 
length and the radius of the wire arc dou- 
bled, the rate of heat developed in the wire 


What wll be it 


tem, 


70. 


7 


will 
(a) be halved (0) be doubled 
(c) remain the same (i!) be quadrupled. 


72, The heat generated through 42 and 92 
resistances separately, when a capacitor 
of 100 )'F capacity charged to 200 V is dis- 
charged one by one, will be 
(a) 2J and 8. respectively 
(6)8 J and 2.1 respectively 
(c)2J and 4.J respectively 
(d) 2d and 2d respectively. 

73. If the length of the filament of a heater is 
reduced by 10%, the power of the heater 
will 
(a) increase by about 9 
(b) increase by about 11% 

(c) increase by about 19% 
(d) decrease by about 10%. 

74, ‘Two bulbs which consume powers P; and 
P, are conneeted in series. The power con- 
sumed by the combination is 

(b) JPiP2 

(d) 2P,PAP, + Py). 


(a)P, +P, 
(c) PAP, + Py) 
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75. Which statement desenbes the electrical 
75. h staten 


potential difference between two points 1n 
: . 
wire carrying & current? 
(a) the force required to move aun 
charge between the points ' 
(d) the rabo of the enerey dissipated between 
the points to the current . 
(c) the vas of the power dissipated between 
the points to the current “ ; 
{d) the ratio of the power dissipated between 
the points to the charge moved 
96. If 1 Aofcurrentis passed through CuSO, 
solution for 10s, then the number of cop- 
per ions deposited at the cathode will be 
(2) 1.6 x 10" (3.125 x 10 
() 48 2.10" (a) 6.2 = 10. 


77. Silver and zinc voltameter are connected 
in series and same current is passed 
through both of them for same time. If 
xkgofsilver is liberated, then the amount 


it positive 


of zine liberated will be nearly 
(o)x (8) 2/5 
ez (dx. 


78. Inanelectroplating experiment, mg ofsil- 
ver is deposited when 4 A current flows 
for 2 minutes. The amount (in g) of silver 
deposited by 6 A of current for 40s will be 
(c) 4m (b) m2 
(ce) m4 (d) 2m. 

79, The ratio of the number of hydrogen to 
that of oxygen atoms liberated in the elec- 
trolysis of acidulated water is 
(a)1:4 | (8)1:2 
(c) 2:1 (d)4:1. 


Em, 


80. 


81. 


82. 


portums Competitive Physics (Objeey 
be 


Acharge of 4.8 x 10° C passer thry 
electrolytic solution of copper wut ett 
The number of Cu’? ions Nberateg ly 
the electrolyte is ‘ trom 
(a)3 x 10" (b) 1.5 x 108° 
(c) 7.68 x 10°" (d) 1.25 » 19ta 
To deposit two litre of hydrogen a 
atmosphere from acidulated water 
charge that must be passed throught 
(a) 11.26 (b)224¢ * 
(c) 96.5 kC (d) 193 kc, 
Acertain charge liberates 0.8 

The same charge will liberate: OF oryge9 
(a) 0.8 g of silver (b) 10.8 Bol silver 
(c) 108 g of silver (d) 108/0.8 wofsilve, | 
Ina copper voltameter, mass Aspositedj 
30 s is mg. If time-current graph j, th 


shown (see Fig. 21), then ECE of copper 


\. 


I 
(in mA) 
10 «2030 
tn second) —p 
Fig. 21 
(a)m () m2 
() 0.1m (d) 06 m. 


* @) 
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Indicate the correct choice among the following options (a), (b),(e) and (4) 


The temperature coefficient of resistance 


* of a wire is 0.00125° C. At 300 K, its 


resistance is 1 Q. The resistance of the 
wire will be 2Qnt 
(a) 1154 K 
(c) 1400 K 


(b) 1100 K 
(d) 1127 K. 


. Acell of negligible resistance of emf2 volt 


is connected to a series combination of 
29,3 Qand 5 2. The potential difference 
in volt between the terminals of 3 ohm re- 
sistance will be 
(a) 0.6 volt (b) 7 volt 


(c)3 volt (d) 6 volt. 


3. Twocell of emfs E, and E, and of negligi- 
ble internal resistances are connected with 
two variable resistors as shown in Fig. 22, 
When the galvanometer shows no deflec- 
tion, the valucs of the resistances are P 


and Q. 


galvanometer 
Fig. 22 
What is the value of the ratio E,/E,? 
P E: 
7 . rq 
Q P+Q 
(c) P+Q (d) P 
te) PAQ 
Q 


4. In the circui 
ance betw 


Bas 


(a)R, w) £2 
. v3 


(c) Bo Ak 
c) A (2) 3B, 


al 


How many 2.1 V cells with inti 
ance 0.20 Q cach are to be con 
Series to obtain a battery so that ac 


ductor of resistance 6.0 Q would carry » 


current of 1.5. A? 
(a) 4 (8)5 
(c)6 (d)7. 


6. The effective resistance between A 2: 
in the network of Fig. 24 is 


12 
12 12 
A 2B 
Fig. 24 
4 3 
ma worse 
(72 Sa 


7. In Fig. 25, two cells have equal emfE ut 
internal resistances are r, and Fy 
reading of voltmeter is zero. then re 
between R, r, andr, is 


own, the tatal resist 
Kand ¥ is R,. The 


iB 
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| f 
en 
re So 
ben er 
Whine 


10.20A,5 0Sttorch bull work 


Baal5y, 
rly in the circuit shown, The com: 


ance of Itand B, between the 


Fig. 26 
(a) 0A5 Oh (b) 1.0 
fod 3.01 (1) 5.02 
Four tors 40.2, 602, 902 and 1102 


are connected as shown toa battery ofemf 
of 4 Vand negligible internal resistance. 
Now, the value of Vy-Vp, is : 


Fig. 27 
hO2V 
M)O1V. 


(a)-02V 
rng 


10, The equ 


4 


Emportum Competitive Phynicg (Oy 
Ma 


nt resistance betyye 
workin Figg 2 ig 


Binthe ni 


Fig. 28 

3 
(a) 5 Mb) 5a 
(ce) BAe (2a. 


Six 1.1 V cells with internal TeBistone 

3.0 each are connected in three Paralle 

branches of two cells each. If the Feiss, 

ance of external circuit is 2.0.9, then the 

current is 

(MH) O33A 

(c) 0.554 

12. Inthecircuit, 
the reading 
of the amme- 
ter is (as- 
sume inter- 
nal resist- 
ance of the 

, battery be 
zero) 


Il. 


(b) 0,44 A 
(d) 0.66 A, 


Hoy 


Fig. 29 


40 10 
(a) 24 (b) > A 


(ec) 5a (d) 2A, 
3 
13. The letter A is constructed with a uniform 
wire of resistance 1£2 per cm. The sides of 
the letter are 20 cm long and the cross 
picce in the middle is 10 cm long while 
‘the apex angle is 60°. The resistance of 
sthe letter between the sides of legs is 


eligies 
wetting ww) Xa 


(c) 40 Q ta) 2 9, 
3 


“ITY, THEAIAL Ante Oy 
. pLecTRie WY. Withers 2 . 
, wit BUTS OF Care WO 
cll of ef Band internal resists nen yyy 1. + 
ya connected in series with on external gp. + SA eQurralent reaietsnee of the (ollowing 
jquance The ratio of the termina pe te catwors A reacts noes it 
tential difference Wo emf is 2n 20 20 
c yo7 rere oo eee. 
1 (b) — ) j 
(a) = ae} Zz 4 4 
g2a Z22 Z20 
+ 
es (d) 223 4 7 5 
(cael No ttt davidii poses wwe; 
5 Equivalent resistance between & and B ae 2a 2a 
Vor ill be Yih 
fal lea than 4.Q isa 
39, gs fo) mage than 4 $t but os than 12 
a J ii2u 
2. Six equal resistances, 
an on each of 6Q, are joined to 
an 3a form a network as 
2 shown.The resistance 
A 3a) 3 8 between any two corners 
2 ts 
Fig. 30 (a) 20 Fig. 32 
(b)32 
(a) 2 ohm (b) 18 ohm (49 52 
(c) 6 ohm {3.6 chm. 21. Six resistors of 3 2 cach are connected 
16, The emf ofa source which is equivalent to along the sides of a hexagon and three re- 
two batteries connected in parallel, whose sistors of 6Q cach are connected along AC, 
emfs are cqual to 8 V and 6 V having in- AD and AE as shown in Fig. 33. The 
ternal resistances of 1.4 ohm and 0.6 ohm equivalent resistance between A and Bis 
respectively is equal to 
(a) 1.7 volt (b) 14 volt 
(c) 6.6 volt (d) 12 volt. fed 
17. G,, G,, G, are the conductances of the 30 22 
three conductors. When they are joincd in 
series, their equivalent conductance will —_¢ Cc 
be 
(a)G,+G,+G, we ad aa aa 
1 Gz Gy x “ 4 
2 
GGG, 
(¢) ————— (d) None of these, 
) G14G24G5 Lee ee Fig. 39 
18 The masses of three wires of copper arein (a)2Q (b)3Q 
the ratio of 1: 3:5 and their lengths ()62 (a9. 


are in the ratio of 5: 3:1. The ratio of 
their electrical resistances is 
(a)125:15:1 (b)5:3;1 
(o)1:3:5 (d) 1:15: 125. 


22. A wire of resistance 36 Q is bent in the 
form ofan equilateral triangle. The resist- 
ance between two vertices is 
(a) 12.2 (6) 242 
(c)8Q (d).36 2. 
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Towing 
battery 


| 
Ey R | 

| ain 

1 

Fig. S4 


(b)ZAfomA OB 


d) None of the above. 


in Fig. 38. The equivalent resistance be- 


the points A and Bis 
5Q 


s 92 
Fig. 36 
(a)59 (108 
(15.0 (159. 


A tap supplies water at 22°C, A man takes 
litre of water per minute at 37°C from 
the geser. The power of the geyser is 


27. 
27 


srium: Competitive Physics fos 


; 


() 1575 W (d)2100W, * 
A fuse wire with a circular C108 -4eey: 
radius of 0.2mm blows with aa 

5 A. For what value of current, 4 Ne 
fuse wire made from the same matt 
gut with cross-sectional radius gf on 
blow ? 


(c)5A 


(b) 5x3 
x5A 


(d)s @ 
* gf 


(c) 5x Ba 


V2 


28, Acell of internal resistance r js egp, 


toa load of resistance R. 

Energy is dissipated in the load, buts, 
thermal energy is also wasted in thee 
The efficiency of such an arrangement 
found from the expression u 


Fig. 37 


energy dissipated in the load 
energy dissipated in the complete circuit’ 


Which of the following gives the efficiency 
in this case ? ‘ :: 


2 
; 


r : R 
One @ Rar 
29. Twowires of the same material and having 
same uniform area of cross-section are 
connected in series in an electrical circuit 
The masses of the wires are m and 2m. 
When a current I flows in the circuit, the 
— heats produced by them in a given time 
are in ratio 
(a)2:1 
()4:1 


(a= 
R 


(b) 1:2 
(d) 134. 


( 


3h 


omy, THERMAL 


950 V and 1000 W electric heater and 
Ae 50 V and 100 W bulbs are chonected 


five 


(DA 
164 (2) 15 A. 
(c 


e resistors P,Q and Rin thecircuit have 


equal resistance. 


He [Jp 


a\\ 


Fig. 38 


The battery, of negligible internal resist- 
ance, supplies a total power of 12 W. What 
js the power dissipated by heating in re- 
sistor R? 

(«2 (b)4 W 

()3W (d)6W. 

Two wires A and B of same material and 
mass have their lengths in the ratio 1: 2, 
On connecting them, one ata time, to the 


” same source of potential, the rate of heat 


dissipation in B is observed to be5 W. The 
rate of heat dissipation in A is 

(a)5W (6) 10 W 

(c) 15 W (d) 20 W. 

Fig. 39 shows a network of three resis- 
tances. When some potential difference is 
applied across the network, the thermal 
powers dissipated by A, B and C are in 
the ratio : 


3A 
A (4 i 
B R 
6R 

Fig, 39 


36. 


37. 


AND CHEMICAL, ERPS 


OF Conese 


()2:4:4 2 4 
(4:23 (d)1-2 


Three equal resistors are connected 25 
Shown in Fig 49. The maximum power 
consumed by each rearstor in 18M, Then 
maxi mad by the comb 
Ration is 


haan | 
pA 


Ln 


(a) 18 W 
(Ww 
Adry cell of eraf 1.5 V and i 
ance 0.10 Q is connected ae: 
in series with a very low ri 
meter. When thi 
ammeter reading sett! 
of 2.0 A. The steady rate of (1) chemical 
energy consumption of the cell (::) eneray 
dissipation inside the cell (iz) ene: 
sipation inside the resistor (11) 
put of source is 

CVMIW MOA W (a1) 269 
() WO4W GIIW G2) 264 
() (2.6 W (1) 04 We (res) 9 W 
(d) None of these. 

If 100 kWh of energy 1s consumed at 33 V 
in a copper voltameter, what is the mass 
of copper liberated ? Given : ECE of Cu = 
0.33 x 10 kg C-t. 

(0) 3.6 kg (b) 3.3 kg 

(el kg (img. . 
A silver voltameter of resistance 2 ohm 
anda 3 ohm resistor are connected in se- 
ries across a cell. If a resistance of 2 ohm 
is conneeted in parallel with the voltam- 
eter, then the rate of depositicn of silver 
(a) decreases by 25% (b) increases by 25% 

(c) increases by 37.5% (d) decreases by 37.5%. 


(Dt Ww 
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322 ‘ fi oes 523 
~ i nd electrochemical cquivalg, st 
mber of rine is 66 and a oA nk of 
‘he atomic Mass: number o} i oi1.2 «104 £6") ‘iy 
ia fecalenes is 2. How much mass of a soi g ines tt AnswersfExplanations — 
be libs - 9,65 A of current In od r ——— 
will be liberated by 9.65 Ao! : 
(0) 0.243 (d) 240, ; 
ro oscond eS  aviee 40, Acurrent of 16 ampere Nawvs throug, i. selected Multiple Choice Questions 
(a F ‘ 
ae ten NaCl for 10 minute. Th To} abampere = 10 ampere. 
ia een are con metallic sodium thal appears at mt 1 ie rn rallel network, ira carats dite cs oe 
7 12 ; se rati i _ = y La i 
39. pe ae allo ai V battery of neg- tive electrode would be nearly ; 3 iy the inverse ratio of resistances. So,y 24 Esler: VaR, Le, 


In 30 minute, 


ing Faraday constant = 9.65 11g 
Bran, 


phe current drawn from battery is equal to 


: hE 
ligible internal resistance. . wvalent) ot currents through Rand 2 Ree risky 
Lg ofsilver and 1.8 g of copper are depos- equivaien’ senile) = 2 units and k= 1 unit, Sot = eas v 
; hich the battery deliv- (a) 0.23 g (6) 1.15 g fertile IVeB-Ir=15-2401515-03 
ited, The rate at whi ‘cal (d) When the length of a wire is increased =12V 
ers energy is nearly : (electrochemical () 23g (115g. . 3. by a factor of n, the resistance increases by 13. (c) F ual 
equivalent of copper = 6.6 x 10 gC Practor of n®, So, when length is doubled, 4, (cy tee 
‘ resistance increases by a factor of 4, M4. (c) The current rating of a fuse wire docs 
: Not depend upon the length of the wire. 
“sh v 
, 4. 15. (a) P= 7, V same; IC Ris jess, then P is 
morc. 
16. (a) The drift specd of free electrons ina con- 
fi ee ductor is of the order of m 
5. (a) The given circuil is a parallel combina- 
Lion of 30 22, 20 Q and GO Q, : 17. WH) R=50,V=c0vel tah = a sen 
L,1,1_ ated 
atoto: +18+6 18. (a) All the three branches have equal resist- 
F i 360 ance. The branches are connected in paral- 
7 - < eRog lel. So, equal currents in all the branches. 
6, (d) The given network is a parallel combi- 19+ 
‘ of 25 82 and 50 Q, 
“1x 20, 
R=25 77Q 
3.5 1 
V=IR= To <> volt = 2 volt 
=0.5 vol 
7. (b) The temperature coefficient of resistance 
of copper is positive while the temperature 21. 
coefficient of resistance of germanium is 2 
negative. : a fej Peg he SASed Ot 
ly _ Ry = R10 20 60 60 60 6 
8. OTR: or R=6M;12=0.25(R+6) 
Nn or 48=R+ Gort =42.9. 
9 (b)1=neAv,= wh Uy 23, (c) Temperature cocfficient of resistance is 
"i A clearly negative. 
: 2x10 24. (a) Sinee the Wheatstone bridge is balanced 
ney ‘i 3 . 
‘ = Tox 197d % LS x 10° «0.25 « 10% A therefore the points B and Dare at the same 
=BA potential. So, there would be no flaw of cur- 
“ 10, : rent between Band D even ifkey Kis closed. 


. (c) Potential drop across 3 2 resistor is 


0.8 x 3V = 2.4 V potential drop across 6 Nis 
2.4 V. Current through 6 is 0.4 A. Current 
through 4 9 is (0.8 + 0.4) A Le, 12 A. Volt: 
ge across 4 2 = 4 x 1.2 volt = 4.8 volt. 


Thus there is no redistribution of current and 
hence nochange in the deflection of the gal- 
vanometer. 
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25. (a) 
1 
26. (a) sVeonstant Qe RF 


as 


27. (c) Factual information. 
28. (a) Factual information. 
29. (a) When the Jength is made thrice, the area 
of cross-section becomes one-third, 


(3) i 
2p oe or R= 99 — = OR 
RP oA) a 
5: W oly at 
30. (c) Potential gradient = Go ~~ G vn 
100 


5 


t 
Balancing length * & 
or Balancing length = 9 m = 900 cm. 


(b) Both enf and potential difference repre- 


31. . 
sent basically work done per unit eharge. 


7 VF or Ve=30R 
32. (a) 10=3R OF 2 


2 
pod = OR we aow. 
ROR 


33, 


ta) 


w.. (d) R= 9 a When r is halved, area of 
wr 


cross section becomes one-fourth. Since vol- 
ume is constant therefore length is incrcased 
. al 
by a factor of 4. R'=p ——y. 
r 


(3). 


36. , (a) The brown and black colours give 10. The 
last brown colour gives multiplier 10!. So, 
the resisance gives 100.9. 

36. (ce) Mass depastied & chemical equivalent ; 

atomic mass 


chemi il equivalent = 
valency 


7. (a) Use kirchhoft’s Inws, 


Emporium: Competitive Physicg (Obyecy, 
Ue 


39. 


49. 


60, 


) 
_E-V pq. S5=50 
() remy 50 “Ney 


The thermo emf incroag 
eerie of tho hot junction ijn ay thy 
Foracertain temperature of the hotjy ted, 
called neutral temperature, the thermat 
becomes maximum. en 

Pr RI 
(a) A m2 
(a) The temperature coeMicient ofrogigts 
is negative in the case of semicondutto 
(a) It is a case of balanced Wheatsty, 
bridge. ha 


Sch 1 
W) AtL=ye=0;0t— > Pr=o 
’ 


1 2a _ 2x 500% 19:5 
or 5 BP = at or y= B= ito 


5x 10-6 
; = 200°C. i 
(d) Refer to colour code for carbon resi. 
tances. ' 
(a)- , 
or 


(a) For getting maximum power, the cong. 
tion is that the external resistance shout 
be equal to the internal resistance. 


(c) At temperature of inversion, E =0, 
af, #b12=0 or tat bt)=0 


= 
ma b 

2 <1 
@Q=Tts Qa; 
Qi _ Re 2R 2 
Q@ Ry R 1 

1 1 ee 3 7 
(6) BR, 72°27) or R,=19 
: We li 
Aliter. R’=p_2 yo— Rel 
iter. om or R Pert 

=12. 


(6) (i) all three in series (3R) 


(i) all three in parallel (3) 
(ii) two in parallel, in series with third 


LECTRICITY, THERMAL AND CHpsaies, 
r Lec IMICAL Eprty 
antes TS OF Clnaerr 325 
ww) two in series ard third parallel ty com. 


gl 


52. 


53. 


55. 


56. 


57. 


2 
pination (j 1), 
irchhoff's second Jaw, th 
) By Kirch 1 the total eur. 
er entering o node must be equal to the 
fatal current leaving the node, The current, 


equations associated with the given fig- 
ures are summarised as follows, 


E=KR+r) or r=T-R 


(c) 
= 50 _ 49 =1% 49 
45 9 
0 
-o-iie 


(c) Voltage across 8.5 2 = 8.5 x 10 V=85V 
Voltage across bulb = 42 V 

Total voltage = {£2 + 42) = 127V, 

(a) [tis a parallel combination of 4 2 and 


22. 


4x2 8 4 
2 N==LNa— 
e 4+2 6 3° 
(c) The resistance of the square X is given 
a li8 
byRy= PT 


where p is the resistivity of the metal, 
Similarly, for Ry, 


2L _p 
Ry = Pops = 7 sameas before. 


Rx _, ° 

Hence: 

(c) (V,-Vy)-6-3 x24+9-3%0.7=0 
or Va~Vy= 5:1 
or V,—V, ==5.1 volt 
_ NE-26_(N-2E 
“Nr” Nr 
(N-2)E 

Nr a 


(a: I 


VeE-Ir=E- 


ve[t- N ] N 


58. (c) Currents defined as charge flaw per unit 


69, 


60, 


time. That is t= & 
T 


Now, tatal charge, Q = nq, at the circumfer- 
ence of the dise. e taken to complete 


one revolution is T = + second. Hence, the 
P 
equivalent current of the rotating charges 
nq 
is]=—\. 
Vp ="P7 


(a) The circuit may be redrawn as shown, 
te, the resistors are in parallel. 
Hence, the effective resistance R across PQ 


is given by 


Fig. 41 
1 1 1 1 
Bot, ty 
R 10°20 30 
6 6 
= =£.~052 
oa Re 7 


(ec) If @ is the acceleration of a charge car- 
rier in the conductor over the length / with 
the applied voltage V, it is given by 

eV 
or a=7T 
where e is the electrical charge associated 
with the charge carrier, m is the mass of the 
charge carrier. 
The drift veleocity of the charge carrier is 

eVi 


v=at=—— 
ml 


wheret is the mean time between collisions. 
When the applied voltage increases, the ac- 
celeration of charge carriers increases and 
the drift velocity also increases. Since cur- 
rent is proportional to drift velocity of the 
charge carriers, the current increases. 
(6) V=E-Ir ; 
24 =28-1%0.80 or 1x0.8=4 


v 
=seB=e— 
maseBze- 


thus 
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Ak 
326 
67, (ce) Peamed P’ 4) x 100 =( 29 3 
et aca 1000 x { = 10 x 4200 x 10 , . F710 78. (8) 
or 1= 08 10 x 4200 x 10 : pep nA 41200 = 480c 
' VeIR t= 900 FF tga —— *100= ay Cleary 278 440C = B40C 
Again, NET Ro or R=482 ° Oy P 9 early, charge in halved, So, i 
4-5 Po ; R=h, +R, 79. (ce) 41.0 |. So, mass is halved. 
4 p L 68. P= Tea 1: te) v?_v?__ v2 she —+ 40H + 2H, 
62, (b) Electrical resistance is given by R=" Py veptp Alta ; 2H,O —+ 4H +4e"+ 0, 
where p is the resistivity of the material. emery E 1 Py Pon ie H+ 40H: —_, 4H,0 
For each of the electrical contact at ailtee: Py : ia PiPa : 0. 6) re 2H,0 —+ 2H, +0, 
ent pair of faces, the resistance is given DY 1000 = 7770004 or Py + Pp the pada number of copper ions, then 
P, c) For an electrical 1 : ¥ of sulphate ions will also be n. 
1+ 40a % potential difference “2x16 x 10-19 = 4.8 x 103 
v between two —> 
[ ¢ alee bate ina wirecar- 4 = ie ee 10° 
1000 «1+ 400a ing current [, the Fig. 4a ee 2x 16x 10°? 
Pye 1000(1 + 1000 a) (1 + 400 ay . power dissipated P 8. @usK a = 15x 10%, a 
P’ = 1000(1 + 1000 a) (1 ~ 400 a) is given by ; pat pedal ba eet ho et 
P/' = 1000(1 + 600 a) P Maceeh ene atmospheric pressure. At 11.2 
‘7 1000(1 + 600 x 1.4 x 104) power, P=lV or Vay arin 2 lize of H, will be berated 
ted Q giv = 4x ; a ) C. For 2 litre, charge will be 2 x 
: Hence contact between faes]abel ed Q gives = 1000 x 1.0840 W = 1.084 x 19 y i.e, the ratio of power dissipated between 96500 Cite, 193 kC. 
the maximum Saas e jedniby 4 ‘i the points lo the current = V = clectrical po. 108 
63, (6) Current in R, an te gl \ : 7 5 tential difference. a2, (b) Ae 1 _ 108 
[= Rok 69. (d) Combined resistance = eeaza 6. (8) Q = 10 coulomb : mo, 664 
1+ Ky 4 a 19 as TT 
Potential difference across the resistor of s Per an nx 2% 16x 10 _ : 3 
ER. Vv x3x = Bx 9? rT My, = —— x 0.85 10.8 
resistance R, =1R, = heh - Energy= 54 2 or , 3g 10 ‘Ar 3 =10.8, 
v? v? 1 ean ta = 3.125 x 108 88. (6) Q= 5 (10 + 309100 x 10- coulomb 
64. (8) “a0 R= 7? Rez 70. a , % decrease in power = 2x 0.5% 71, (c) Using Faraday’s second law of clectroly- 23 
eee ee ‘ sis, i fake = 2coulomb 
2 ee or r,=2r, ve ‘i v'q _ V'nr? m._ 325 = ook m=ZQ 
ty 100 hes : TL. (P= or Perey x’ 108 3 eas 
65. (a) Since water is to be boiled in lesser time Q 2 
therefore more heat is required to be pro- = 79, (d) U= i cv2 f as 
duced. . a ; i | Questions for Self Assessment 
2 1 * 
We known that P = = 5 * 100 « 10° x 200 x 200) = 24 1d) * R,= Ry (1 +a) V,=0.2%3V=0.6V : 
In the given problem, V is constant. y? L= Ry [1+ 125 x 10° x 27] : ; 
Ped oe Ones 2=R, [1+ 125 x 10-9 x4] we 
R a . a 3a a 
For more P, R should be less. So, / should be 1 Dividing, 2= eee a a ! 
less, . Pea : 1+ 125 x 10° x 27 
P S500W,100V t00V ar 2.0675 = 1+ 125 x 101 
66. (b) P= VI,T= > Pre, 7” j= —1:0875__ 105780 _ 564 Ea2Vjr=0 
600 W cA, OR '-T00! ; ~125x10 * 125 
ore TO f P T= (854 + 279) K= 1127 K. Fig. 44 
aes aes 1-2) se ESDNsn=o 3. (b) Potential difference Vp across P as de- 
Now, 5R=100 Fig 420 - 10 : Current, [=A termined from E, is given 


or R=209, P’_ 10 . 0 E, 
se by Vp.| EL |P 
>» ‘ Po9 1=0.2A y NP (#5) 
= P: —s | 
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us i ‘ 
- ined from An equivalent of the left segment is thowy 
V,, across P as determine r in Fig. 48. 
Potential Vp < E, because no current |§ uivatent of the above network ; 
E, is same as By, The equiva’ 49, ry 
drawn tt, Vp by , shown in Fig. 49. 
Pp 4an 
_ Therefore, Ey * By (5 =Q 
E} 
2 Ey Pe@ 
R(R+Ro) 19 
4. (8) Now, Ry=R* GRER, : 
Fig. 49 5 
R 
£ 
: R-qi-= 38 
eels | 
Since the two segments are in Serieg 
ig. 45 *, . 
Fe RIA +R) therefore the combined resistance is 2x ; Q 
. . , 
—i—— had ; = 
Y 
% Ree 7 (a) V=E-IryV=0 
‘5 ry E=Ir, 
(R,-R)(2R+ Ry) = R? + RR, - 
: anny ai? + RRR, « RP + Ry Total emf = Ir, + Ir, = 2Ir, 
: 3h? = Ry? Total resistance = R+r, +7, 
or ~ 
2 
R= Ro Now, I= In 
or = B i R+n+y 
3 nE nx2i or Rery+r,=2r, : 
5. (b) =e 1.5 = Fx 020 or Re2r,-r,-r of Rer-r,. 
1 8. (6) Vyy= LS volt 
9elbnk = =2in “or 9= 180 Voltage across 3 = 4.5 volt 
Now, 45=1%3 
or 
s 4.5 
6. (d) Using symmetry considerations, the T=-"A=15A 
3 
given network can be bisected along the line 
YY’ as shown, Vay = 1.5 Ryy x 
v 15s LSRyy or Ry=lQ 
H 3 
V7 9. (0) Vy=V-A0 x4 or Vy=V~16 
19 120 . 
és 7 Again, Vy=V-20x4 or Vy=V-18 
. Hl 3 
i Now, Vg-Vp =(V-1.6)-(V- 18) 
Hs ig = (1.81.6) volt = 0.2 volt. 
Fig. 47 Fig. 48 : 
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oe 
10. 


11. 


* as under : 


(a) The equivalent of the given network is 


7 12d) Voltage across 50 = 10 V 


62 


13. (a) 


10 
T= A =2A. 


Fig. 50 


‘The equivalent of the above network is as 
under: 


6Q * 
Fig. 51 Jae) 
ig. 
The equivalent of the above network is o The equi 2 
eas equivalent of the above network is : 
parallel combination of 3 2, 4 Q and 6 0 Parallel combination of 20 2 and 10 Qgives 
1-1,1,1 ‘ 
—sit—te 20x 10 © 
R34 6 _ Mie, > Q 
1_8+6+4 ‘ee r-4Q 4a e 20 80 
R24 “3° "3" Now, R=10+ am. 9 =F a 
(c) Total emf = 2.2 volt E : 
6 i.) T= 
Total internal resistance = 3 a=29 Loned 
Total resistance=22+2N=4 E ¥ 
4 : 
H 
H Tne 
: Fig. 55 
E 
top 
V=E-[r 
V=E- 
nr+r 
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1 18. 
VEE Ty 
n 
r 
7 E atl wannd® xs 


nt resistance betwee! 


vale if 
Laban he equivalent of the Riven net 


is3 Q Now, U 


work is 
982 
B 
rs 
62 19. 
Fig. 56 
x6 54 18 
Xb o= N= —2=3.6 2. 
Ran 936 1 5 
E,- Ez 


sEi> n+l 
_Byit Em- Evi + Eon 
nth 
Eym + Eon 
ent 


{fw 


Fig. 57 


_ 8x06+6«14 
14+06 


7 484+84 volt 
2 


volt 


= 2 volt = 6.6 volt. 


= R, +R) +R 
1 1 1 
spoke st 
Gi Gs “Gs 
G,Gy + GG; + GG, 
G,G,G, 
* G,G2 +G2G3 + G3Gy 


17. (d) 


R 

aoe | 
Gy 
1 
G 
G, 


20. 


bet 
Rep-x- 
(a) se 1 
? ‘ 
R=py 
m 
But dey or V=— 
(2d 
gee 
me 2 2 2 
Ry: Ry: Ry Tipp sia i 
125315.) 
(e)R=2+ +2 or Reqy2R 
2+R Ok 
22 
R 2a 
2n 
Fig. 58 
2R 
or R-4-o0R 
or (R-4)(2+R)=2R 
or 2R-8+R?-4R=2R 
or, R?—4R-8=0 
4+f16+32 4248 
or R= = ~ 
2 2 
2 4eli 20208 
Ignoring -ve sign, R=2+ 243 
= 2+2x 1.732 
=2+3.464=5.4640. 


(6) The given arrangement is equivalent to 
the following network. 


62 
62 


62 
Fig. 59 


"93, (6) For loop (1) 


equivalent toa parallel Combination of 
mo 


i is 1d 6 $2. This gives 3 .Q, Co 


gant : ‘ M,<4 
oft-most unit has resistance of ‘ So, as4 or Iya tA 
a oe » with the next Units Weare } Current from A ta Bis 2 ampere. 
Cais UL die q k. c 4, 2 
wing network. / ) ne 2e6 a2 
follo . Teg Meo 
a 
R= 
e n= 7 8 


Itisin series with 152 This gives 3Q. [tis 


in parallel with3Q. This pees Qie 152. 


‘ an rH Is = Az4h 
5 
, Fig, 60 25. (a) The equivalent of the given network is 
. as under ; 
This isa parallel combination of 6Qand3 9, 
6x3 18 sa B 
=~ Q=—Qs i) 
Re Gag f= g Ae20 
24x12. 288 10a 
R=-—— 2=-—a- ora 10a 
yo. (e) Mri2 gg 2=80 Sa 
A : 
A 
i Fig. 63 
12.9, 12 0 The parallel combination of 10 Q and 102 
2 “givesS . 
26. (6) Pt = mSO 
1x 420015 y, 
we P= Ws 10500 
Fig. 61 > Problem of geyser and water 


“y 
| 
| @ Use Pr=mS0 | 
2+2-41,=0 © Take S = 4200 JikgC. | 


4I,=4 or [;=1A 


or 


40 


6S Fuse wire 
1? Rt = Qari At where A is heat lost by 
radiation per unit area per unit time. 


al 


P—yts2nlht 
nr 
Fig. 62 or Per or ler 
- 
For loop (2) : 
~2-2441,=0 
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ssipated in load = VR 


Energy diss 
Energy dissipated in the complete circuit 
=Fir+R) 
: , rR 

Efficiency = Tren) "Tor 


i my a 


——__—_—_—_—__—_- =] 
f% Relation between resistance, | 


mass and cross-sectional arca 


30. (c) Resistance of heater 


_ 250x250 _ 125 
“3000-2? 
Resistance of 1 bulb 
250 x 250 
= —T00 Q= 6252 


Resistance of 5 bulbs connected in parallel 


; 625 ‘ 


1047s 


Total resistance = T 
+ 
gt) 
2125 xt 2 ls 
2°93 Ta 
Fl 250 x3 
: =“q95 AGA, 

31. (a) Let the resistances of P, Qand Re 
The total resistances across"the Datta Dy 
thus TY iy 

r_3 
Count FOF HO 
Current through P, 
cafe = mh 
Total 
Current through R, 
7 . 
dips £ 
! 2° Vr 
Power dissipated in R is thus 
Py2Pr=(2}<2w 
r 
32. (d) 
But 
or 


33. (c) Let current flow from 6 toa as shown, 


EL 


o 
» 


6R 1 
3 
Fig. 65 


2 2 
Ratio is (31) an-(3 i 
3 3 
2 
= 
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ivy 


nvr CHNSUT In remintor fay 1 
consumed in cach resistop | 


yi 


gh eer and 


WS 4 


Fig. 66 


Total power consumed 


site 


ox THINK IT OVER! 


Fig. 67 


Repeat Q. 34 for the above arrangement. 


Fig, 68 


Itepeat Q. 34 for the above arrangement 
of infinite network. Would your answer be 


36W? 


(a) (t) Rate of chemical energy consump- 
tion 


=15x2W= 
(ii) Rate of nergy dissip 
=2x2x01W 
(it) Rate of energy di vation inside the re- 
sistor 


= (3-04) W=26W 
(uv) Power output of source 
= (3-04) W=26W 


yy 


@ hn 
F represents rate nf ehemuseal enersy 
Foneum pion of the vib 


Some useful facts 


Vr teprosente the pate of energy 
dissipation snside the evil 


TEL — 11) representa thir jarwer wutynit of 
the cource uf emf 


36, 


(alm sZt oe nts 


LES Te Uae 
a 


ti TOO « van 
Lrg 


Ae 


2 hg etek 


47. (b) (nitial resistance = (2 © I) = 52 


* 4 
Final resistaner = | <= + 3)a242 


2e2 


Clearly current becomes 7 tumes Percent: 


age increase in rate of deposition 


314 
= —_ = 100 2 25. 
38. (e) Q29.65 «10C 
Qem5C 
96500 C uf charge deposits 33 g of zinc 


. * BS) 
So, 96.5 C harge deposits —— & f+ 
10, 96.5 C of charge deposi! 7000 & 


33 mg. 7 
39. (a) L= 12% 10'1, «30 x 60 
‘ 
or ee — A=0A96 A 
1L2 «30 « 60 


Again, 1.5 = 6.6 x 107 I, x 30 x 60 
18 «10! 
= * Ge ~ Ox 60 
let+l, 
=(0495 + LSLS)A=20LA2A 
Rate at which buttery delivers nergy 
s1Va2As2aJ. 
40. (c) — Q= 16 x 10x GO.C = 96006 
96000 C would liberate 23 ¢ of sodium 
G00 C would liberate nearly 2.3 g of sodvum . 


AzLSIA 


or I 


A 
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Maanetic EFFECT OF Currey, 


1. The magnetic field dB at adistancer from 


acurrent clement of length dl carrying a 
current I is given by 


+ Here 7 is exactly 10°7T m At. 

2. The magnetic field B due toa general cur- 
rent distribution is obtained by superpos- 
ing fields duc to its elementary current 
elements. 

. 1T = 10' gauss, 

The magnetic field at a distance r from o 

straight current-carrying conductor of fi- 

nite length is 


=e 


pz tet {sin 9, + sin 9,1 


Fig. 1+ 


334 


5. 


1 


8 


.. The magnetic field at a point on the axis 
ofa circular current-carrying coll is given 


10. 


\ 


Caution. Wt..i¢ using this €qUation, 
dq 


not use sign convention with 6) ani 
The magnetic field at a distance rh 
straight current-carrying conduc 


13. 
finite length is : 


‘ 
tor off, 
Hol X 
Be 
2ur 
The dircction of magnetic field due to 
long straight current-carrying conduct 
is determined by Right hand thumh nul 
or Maxwell's cork screw rule. © 5 
The magnetic fleld induction at the cen. 
tre of a circular current-carrying ej] ofN 
turns and radius ris : C 


4. 


15. 
2r 
The direction of magnetic ficld at the cen. 


tre of circular current-carrying coil is given 
by right hand palm rule. 


16. 


by 


_ __HoNIr? 
ba 2r? +2292 
where N is the number of turns, r is the 
radius of the coil and x is the distance of 
the observation point from the centre of 
the coil, 
The magnetic field induction due toa long 
current-carrying solenoid at a point well 


neti” 


al NR a 


11, 


ma 


hin the solenoid 18 piven by . 
vie nin the number of turn poet 
fennth of the slenad and f the cua 
fowinks through the solenoid, i 
acane end i te Ati Badung 
ape magne ale moment of a ¢, 
ie is given by M = NIA, where Kuue 
number of turns, J is the Current Prewing 
through the coil and A in the face-a¢eq Pe 
the loop. 
The Lorentz magnetic force Xperienced 
bya charged moving in uniform Magnetic 


field Bi is given by F., =u «By. 

\Fal = Bqu sind 
where 0 is the smaller angle between 
Y and B. 


The force experienced by acurrent clement ~ 


Idl placed in a magnetic field B is given 
by ay eg 

F=1(dlxB) 

irection of thi: is gi . 
me deren of en 
The force per unit length between two 
parallel current-carrying conductors sepa- 


rated by a distance r is Molde 
‘Onr 


Magnetic forces are very much weaker 

than electrostatic forces, 

(i) The torque experienced by a current- 
carrying loop placed in magnetic field 
is given by: 

t= NBIA cos 0 

where N is the number of turns, B is the 

magnetic field induction and I is the cur- 

rent flowing through the coil. HereQis the 
angle between the plane of the loop and 
the direction of magnetic ficld. 

(ii) If 0 represents the angle between the 
normal to the plane of the loop and the 
direction of magnetic field, then 


<= NBIA sin 0. 

(ii) T=MxB. 

In the case of moving coil galvanometer, 
NBIA = ka 


where k represents the restoring couple 
per unit twist anda represents the deflec- 
tion of the coil. 


la, 
Cartons fensitenty of a mercing en gal- 


vanometes 
a NBA 
so 
19. Vy , 
+ TMG gn tensitinity af a moving emil galva- 
homater 
2, VoOAR 
- In order to eonvert a galvanometer of re- 
Sstance G into an ammeter of range 0-1. 
alow resistance called shunt resistance S 
is connected in pa with the galvanom- 
eter. 
Gl, 
Se LL 
a 
where I is the current required for full 
Seale deflection. 
21. The resistance of arimeter is given by ~ 
Gs 
R655 


It is a low-resistance instrument. 
Ammeter is always connected in series in 
aarcuit. 

In order to convert a galvanometer of re- 
sistance G into a voltmeter of range 0-V, 
a resistance Ris to be connected in serics 
with the galvanometer. 

(R+G). 


24. nce of the voltmeter is given by 


It is a high-resistance instrument. 

25. Voltmeter is always connected in parallel 
ina cirevit. 

26. According to Ampere’s circuital law, 


f1).di = ugl wher Tis the current en- 
closed. 
Magnetic ficld produced by current in a 
solid cylinder of infinite length: , 
(i) Atan external point (r > a) 
Hole 

pei 2 
where r is the distance of the observation 
point from the cylinder of radius a. 
(ii) At an internal point (r <a) 
bol 


B= 
‘tna? 
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32. 


33. 


|. The inverse squar 


q emg 
Inside a current carrying: (et wil, the 
. wd 
netic field ts = 
: ayggnee 


hall fol- 


i “ ar 

Ifa charge t projected Into a 

field normally, then the change" 
path 

: me 


me = 
Byes oor ty 
r 

ected inte a Ine 


is parallel ta 


low a circular 


ynetic 
Ifa charge 18 pro) 1 
field such that its velocity 
magnetic field Ii. then the chan 
follow a strayght path 

Ifa charge 1s projected into a mal 
eld such that its velocity vector makes 
angle, with magnetic field B. 
all follow a helical path. 


ye shall 


netic 


an acute 
then the charge sh! 
2am 
T= ty 
Qn 
By 
20 Quin 
Pitch = 0% T= wens Ox 


Cyclotron: 
Bay ae mm 
iv, =— (ii) t= — 
(dv, rm By 
2mm By 
ii) T= > — (iv) v= 
(i) T By fi aa 
(iv) Maximum kinetic energy = 22, 
an 
The magnetic flux density at a distance r 


. diner 
wherein is the pale strength in Amand pty 
is absolute magnetic permeability of free 


claw of foree in mag- 
netism is = 
Hg mini® 


Sdn? 


Maynetic dipole moment is a vector quan- 
tity. Its magnitude is equal to the product 
of pole strength (nt) and the separation (21) 
between the magnetic poles, Its direction 
is from south pole ta north pole. 


Re 


Emporio a 7) 


Me m(2)) 
(1) Magnetic flux densily ata Point on y 


36. axial line ofa magnetic dipole is iy, 
by: “ad 
iy 2Mr 
18 tne F 
Here ris the distance of the Observation 


point from the mid-point of the mg net 
dipole.{ represents half-length of the ma $e 
netic dipole. i. 
(ii) Ifthe observation point is far far away 
then 

Mo 2M 

an 
(iii) The direction of magnetic field is the 
same as the direction of magnetic qj, 

pole inoment of the magnet. 


37. (i) Magnetic flux density ata point on the 
equatorial line of magnetic dipole is 


given by: 
4n (r 
(ii) Ifthe observation point is far far away, 
then 
Ho M 
= Mm r 


(iii) The direction of magnetic ficld is op. 
posite to the direction of magnetic di. 
pole moment of the magnet, 

38. (i) Magnetic flux density, duc to a mag. 
netic dipole, at a general point is given 


by 
pe to M 1+3 cos? 0 


Fig. 2 


(ii) For axial line, 0 = 0° 
For cquatorial line, 0 = 90°. « 


TT AND Marys 


a 10’ is the angle which take mth 


40. 


Al 


44. 


46. 


The manele field duc wa shi thar tray, 
netata distance r on its axial nets Uner 
the magnclic field at the same ¢ 
5 equatorial line, 


on it 
‘Torque experienced by a Magnetic dint 
aced in uniform magnetic field i, ., 


pl Kiven 


by 


Work done in turning a magnctic dipole 
through an angle 0 from its stable ent 
Jibrium position is given by 

W = MB(1- cos 0), 
The potential energy ofa magnetic dipale 
placed ina uniform magnetic field is given 


by 


U=-M.B, 


Magnetic lines of force are continuous 
closed curves. 

Electric lines of force are discontinuous. 
If declination is ignored, then the hori- . 
zontal component of earth's maynetic 
ficld is from geographic south to geo- 
graphic north: ‘ 

Just as the direction of electric dipole 
moment is from negative charge to posi- 
tive charge, the direction of magnetic 
dipole moment of a magnet is from 
south to north. 


Intensity of magnctisation is defined as 
the magnetic dipole moment per unit vol- 
ume. It is the pole strength per unit area, 
Magnetic susceptibility is the intensity of 
magnetisation when placed in a magnetic 
field of unit strength, 
B=H + 4x. 

The relation between magnetic flux den- 
sity B and magnetic intensity H is as un- 
der: 


B=pH. 


M7, he 
Atording ta tangent law, # = Htan@. 


ot 


6 


Fig J 


o 


48.1, the case ofa tangent galvanometer, 


WNT 2 
> =Htan0 or t= 2 tano 


i 
tano= H tand=Ktaad 


50. Tangent galviinnmeter is alsa called mov- 
ing magnet type galvanometer. This is 
bacause the magnetic needle moves but 
the enil is kept stationary, [It 1s interest 
ing to compare it with a moving coil gal- 
vanometer where the coil moves but the 
magact is kept stationary.] 

51. In the case of a vibration magnetometer, 


teen ft 
MB 


where Lis the moment of inertia and M is 
the magnetic dipole moment. 
52. In the ‘sum’ position, the time period is 
I, +1y 
(M, + Mj)H 
.In the ‘difference’ position, the time period 
Is 


on | I, +h 
Y(M, - Mp)H 
Clearly, the time period in ‘difference’ po- 


siti more than the time period is ‘sum’ 
position. a 
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aS 
ents of 
+ magnetic elements 
‘here are three mar : 
7 br eclunatinn,dapandd horizontal on 
y magnetic held 
angle between the mar: 
phic merid- 


ponent of carth’s 

BA, Declination isthe 
netic meridian and the gover 
jan. 


55, Angle of dip is the angle through which 


the N-poledips down with reference to the 
horizontal. 


57. -B=\By+ 
58 Each molecule of a magnetic substance, 


whether magnetised or unmagnetised, is ; 


acomplete magnet. 
59. Ferromagnetic Substances 

(i) Forromagnetic substances are those 
substances which are strongly at- 
tracted by magnets. 
Examples. Fe, Co, Ni, Fe,O;. 

(ii) In ferromagnetic materials, the non- 
zero atomic magnetic dipoles interact 
with one another. They spontancously 
produce magnetisation over small do- 
mains of sizes of a few microns. The 
different domains may have random 
orientations resulting in zero bulk 
magnetic moment. When domains are 


made to align themselves inacommon .. 


direction, the ferromagnetic material 
acquires magnetism. 

(iii) The H—I, M- 1 and T—z,, curves of 
ferromagnetic substanc 
under: 7 


are as 


u—> 


a} (by 


* 60, Paramagnetic Substances 


Emporia: Competitive Physics (Objee 
ul 


(co) 


Fig. 4 


(iv) The magnetic induction B ; 
ferromagnetic substance jg 
greater than the mngnetic induetj 
By in vacuum. on 

(v) p>? 1. 

(vi) z,, large and positive. 

(vii) Lis large and in the direction of 


(i) Paramagnetic substances are thos 
substances which are fecbly attracted 
by magnet. 

Examples. Na, K, Mg, Al, Mn, Pt, Cr, 
Sn, CaCl, liquid oxygen, crown plats, 
~(éi) Atoms or molecules of paramagnetie 
materials have a non-zero magneti¢ 
moment. When a paramagnetic mate. 
rial is placed in an external magnetic 
field, it tends to align individual mag. 
netic dipoles in its direction. On the 
other hand, the thermal motion 


randomiscs these directions. Thereis °° 


a net magnetisation in the same di- 
rection as magnetic ficld B. 

(tii Maximum possible magnetisation of 
a paramagnetic sample would be less 
than the magnetisation of a ferro- 
magnetic sample. : 


(iv) An impractically large magnetic field - 


may make the~magnetisation of a 
paramagnetic sample equal to the 
magnetisation of a ferromagnetic sub- 
stance. 

(v) The intensity of magnetisation I ofa 
paramagnetic substance is low but in 
the direction of the magnetising ficld H. 


4 


ag HETERT OF CURRENT AND Macy 


gain) 
nant 


; 319 
Magnetic induction Bina py 


ee tic substance is greater Amage bi 
etic induction By ianienai Miamagnetiom i a weak but univer- 
netic induction Py In vacuum. (> 1) sal effect 
vii) Magnetic susceptibility is small and (0) The HAI, Mot and Tz, curves are 
sitive. pink 


iii) The HI, M—I and Ty, curves for 
(ony paramagnetic sample are as under - 


| 


a 


) negative (b) z_, is small (c) x, is 

61. Diamagnetic Substances | independent of T. 

(i) Diamagnetic substances are those sub- 
stances which are repelled by magnets. 
Examples. Bi, Cu, Ag, Hg, Pb, Zn, Sb, 
H,,, He, Ne, H,0, air, diamond. 

(ii) In atoms of diamagnetic materials, 

+s magnetic moments duc to different 
electrons cancel out. When a diamag- 
netic material is placed in an external 
magnetic field, an orbital magnetic 
moment is induced, proportional to the 
applicd field but in opposite direction. 


y 
J 


(v) The magnetic induction B in a diamag- 
netic substance is less than the mag- 
netic induction By in free space (p, < vd. 
(vi) The magnetic susceptibility of a dia- 
magnetic substance has a small and 
negative value. 
(vii) The intensity of magnctisation is small 
and in a direction opposite to the di- 
rection of magnetising field H. 
_62. Hysteresis is the lagging of B behind H. 
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{e) | Note that graph of Fig. 6 (c) rep- 
‘i ‘ resents three facts : (a) x,, is 
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Selected Multiple Choice Questions 


Choore the correctansuer 
ing questions: 


ied to convert 


: a meter of 
ge 10 Ais nearly 

(0010 0001 

01a (10072 


AA maynctised necdle is heated to 600°C 
and then culed back slowly to 200°C, then 
at 

(ab retains ite magnetism 

(hy retains ite magnetism below curve point 


fe does not retain magnetion 


(dy none of 
The substance which can be strongly mag 
netised  -alled 


(a) antifertomngnctic (h) pnratnagnetic 
fe) dimagnetic (dh ferromagnetic. 
Achurged bady ix moving along acirelein 
A maynetic field B, Mann 10% ky, volves 
ity «1 m/v Maymetic Fiold «107 T, Qe 
107coulomh, What inthe radiun of itn cbr 
culor track ? 
(atin 


(10m 


(0.140 
(dd) none of thene. 


A inoving coil palvanometer han a rosint- 
ance of 9.6.02 and given at full xeale deflecs 
tion when a curront of 10 mA panies 
through it, The value ofthe shinat required 
to convert it into nmilinmineter lo meus: 
ure current up to 600 mA ix 

(a) 0.02 0 (WOzR 

(c) the (HOA 

A vertical etraight conductor carrion a 
curren, vertically upwards, A point Plies 
to tho east of it ata small distance and 
another point Q ties to west of it at tho 
same distance, The maynetic field at P is: 
[Noplect Earth's field) 


7. 


from the four alt 


9 


10 


ernatives given in cach the fay 


in) grester than at Q 
fe) less than at Q 
id) greater or less at Q depending 
strength of the current. 
Amagneticneedle lying paralleltyg 
netic field requires W units of wery. Lo 
jt through 69°. The torque needed : 
tain the ncedlc in this position wile 
(a) fa (4 
aw 


() 


(5) same ng 
*q 


Yen, 


(d)2W, 


Force actiny{ on a charge moving} 
otic field will not depend upon =™%- 
(a) ita mans (b) arnount of charge 
(c) itn velocily 

(d) intenyity of magnetic field. 


Two infinitely long, thin, innulnte 

straight wires lie in the xy plang long 

the x and y-nxen renpectively, Each wire 
arrien a current I respectively in the nes), 
tive x-direction and the positive Yelirege 
tion, Tho magnotic field will be zero atall 
pointe on the ntraight line 

labyne (Ny e-x 
()yexred (l)yn-x4), 

If two ntenlyght long conductors enrry cup, 
rent in the same direction, the moynetie 
forcv on each other will ba 

fa) repulnive (b) attractive 

te) gore (d) nono of there, 

‘Two uniform parallel wires each carrying 

curront 1 in the same direction, and the 

distance between them Ine, then the force 


por unit lonyth experianced by ono of these 
wires 


(a) diol? (b) Hol® 
2nd’ 2nd 
Nol Hol 

(c) —— —L.. 
2nd wn Qnd?' 


An electron executes n half circle of radius 
rinamoagnetic field. Thon the work done is 
(a) zero (b) ne x cu 

(c) Qnr x cul ‘(d) none of these. 


we 


13. 


14. 


16. 


17. 


20. 


2. 


ic EFF OF COED 191) Marnerrrite 
aa ais 


n electron is moving parallel ia pee. 
fs 
nctie field. Then the force experienepd by 


it ts 
taizero thrertt 
w-oB (di tere fh these 


A current loop placed an a nonew 
magnetic field expenences : 

(a) a force of regralsion 

(p) a force of attraction 

(e) a torque bul nt force 

(d) a force and a torque. 

Iftwo clectron beams travel in the same 
direction, they will 

(g) attract cach other (Lb) repel each ether 
(c) nothing will happen 

(d) none of these. 


Inacircular coil of radius R, the magnetic 
field at the centre is proportional to 

(a) (WR 

(c) (ay ne, 

A magnetic needle is placed in a non-uni- 
form magnetic field, Which is correct ? 
(a) both force and torque act 

(b) foree but no torque 

(e) lorque but no force (ct) none of these. 


Force acting on a conductor of length 2m 
and carrying current 6 A kept perpendicu- 
Jnr Lo the magnetic field of 0.6 tesla is 
(a) 10 N (LGN 

(c) 15N (d) 60 N, 

One electron is moving in electric and 
magnetic fields, It will gain energy from 
(a) olectric field (b) magnetic field 

(c) both of these | (dl) none of these. 
Electron enters into a magnetic ficld at 
an angle of 60°, Its path will be 

(b) circle 

(d) helix, 

Two electron beams are moving parallel 
in space but in opposite directions, Then 


(a) straight line 
(c) parabola 


(a) they will attract each other 
(b) they will repel each other 
(c) no internction will take place 
(d) none of these. 


u. 


2. 


26. 


27. 


1 1s plated rears 
‘8 repelled. Then 
os 


magne 
of the bs 


(2) domagrete {ct Secoe ce 


hparemagetc — (d) eettormageeee 


Ore proton team enters a magreter Galt 


AAT cormaly Speofc charge = 16" 
Ciz, 


219 met Whatisthers- 


dias of 2 e described by it? 
(site Bis 

tion (d) remem of these. 
Wa 


aisrce gc3in a magrecc field and 
is pushes out of it, what 2? 

‘o) Parsmagrauc S) Ferremageus 

(hy petlerermageetin 
Radius of mation of a charged particle oe 
Cillating in a magnetic field is 


(e) Dismageete 


(a) 2B w= 
7 @ 

(e) 74 td) =, 
B 3B 


What is the net force on the rectangular 
coil shown in Fig. 7 


1Oom 


2em-+ 


Fig. 7 
(a) 25 x 10-7 N moving towards wire 
(8) 25 « 10-7N moving away from wire 
(c) 35 x 10° N moving towards wire 
(d) 35 x 10-7 N moving away from wire. 
For conversion of galvanometer into am- 
meter, we connect 
(a) low resistance in series 
(b) low resistance in parallel 
{c) high resistance in series . 
(d) high resistance in parallel. 


ee! 
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32. 


tic moment and B is the 


magne! am 3 
et Gel nthe torque is given by 


magnetic field, thei 


“a4 Im 
(a) mB es 
1B 

tonxB (d) [mJ]. B]- 


What should be the approximate value of 
current ina circular coil of radius 5 cm to 


annul By =5 x 10° T? 

(c)O4A (b)4A 

(c) 40A (d) 1A. 

An a-particle and a proton travel with 
same velocity in a magnetic field perpen- 
dicular to the direction of their velocitics. 
‘The ratio of the radii of their circular paths 
is 

(a) 4:1 (b) 1:4 

fer 2:1 (d) 1:2 

If horizontal and vertical components of 
earth's magnetic field are cqual, then an- 


gle of dip is 
(a) 60° (6) 45° 
(e) 30° (d) 90". 


Ifa magnetic substance is kept in a mag- 
netic field, then which of the following is 
thrown out? 

(a) Paramagnetic (6) Ferromagnetic 

(c) Diamagnetic (d) Antiferromagnetic. 
10 pA gives full deflection in an ammeter 
having a resistance of 1000 2. What 
should be the shunt resistance so that 
10 mA gives full deflection ? 


(a) 12 (b)5Q 
(c)102 (d) 1000 2. 

|. Three wires arc situated at the same dis- 
tance.CurrentsoflA,2 1 2 39 
A,3A flow through these 


wires in the same direc- 
tion, What is ratio F/F, 
? Here F, is force on wire 
Land F, is force on wire 


(0) 7/18 (0)1 1A 2A 3A 
(c) 978 (d) Fig. 8 
none of these. P 


40. 


a 


42, 
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bey 


35, In case of vibration mmatnetometey, z 
ts are experimente I, =] in 


vy 


magne! ; 
5p, M, = 4p They are first joined yh* 
oS then N-S, S-N. What will bo Se 
tio of the time periods ? ta. 
(a) 1/9 (w)3 
(991 (d) 3/1, 


‘A beam of cloctrons and protons Fe 
parallel to each other in the same de 
tion. Then they eg. 
(a) attract each other 


36. 


(b) repel cach other 
(c) neither attract nor repel 


(d) have no relation. 


A frog can jump higher than normal is 


37. 
magnetic field because the tissues ofa frog 


are 
(a) paramagnetic 
(c) ferromagnetic 
A long wire carrying a current of1 4 is 
placed perpendicular to an external Mag. 
netic field of 0.50 gauss. The distance of 
the neutral point from the long wire jg 
(a) 1 mm (6) 2mm 

(c) 4 mm (d)6 mm. 

An air solenoid has 500 turns of wire in 
its 40 cm length. Ifthe current in the wire 
is 1 A, then the magnetic field induction 
near the centre of the solenoid and at a 
point on the axis of the solenoid is 

(a) 0 gauss (l) 15.7 gauss 

(c) x gauss (d) Uy gauss, 

A charge moves.in a circle perpendicular 
to a magnetic field. The time period of 
revolution is independent of 

(a) magnetic field . (6) charge 

(c) mass of the particle ‘: Ye 

(d) velocity of the particle. 

Anclectronand a proton enter a magnetic 
field perpendicularly. Both have same ki- 
netic energy. Which of the following is 
true? 3 
(a) Trajectory of electron is less curved. 

(b) Trajectory of proton is less curved. 

(c) Both trajectories are equally curved. 

(d) Both move on straight line path. 

A proton moving in a perpendicular 

magnetic ficld possesses energy E. The 


(b) diamagnetic 
(cd) anti-ferrormagnetie 


38. 


39. 


ae 


43- 


44. 


45. 


nie ruc 


=p OP CURRENT AND MAGHETIN 


nctic ficld is increased 8 times But 
roton is constrained to moyo in the 
radius. The kinetic cnergy 


maf 


he P 
eh of same 


| incrense 

(8) B limes 

ner times (d) 64 times. 
straight wire of length 7? mis carrying 
Sirrent of 2A and the magnetic fieln 

eto itis measured ata point distant 1 

‘om it. If the wire is to be bent intoa 

nd is to carry the same current as 

rare: the ratio of the magnetic field at 

its centre to that obtained in the first case 


would be 
(a) 1: 100 
tor 50 td) 50:1. 

Awire of length Learrying a current [is 
bent in the form of a circle. The magnetic 


d 
cm fr 
circle o 


(b) 100: 1 


i (b) Ltn 
( I/AR (d) 1/25. 

Which of the following graphs correctly 
represents the variation of cnergy density 
u near the mid-point of a long current-ar- 
rying conductor with magnetic field B? 


— 
e— > 


o—> —> 
(a) (b), 
|! | 
— — 
(c) (d) 


Fig. 9 


46, An electron is moving along positive x- 


axis. To get it moving on ananti-clockwise 

circular path inx-y plane, a magnetic field 
, isapplicd 

(a) along positive y-axis 

{b) along positive z-axis 

(c) along negative y-axis 

(cd) along negative z-axis. 


17, 


48, 


49, 


50. 


43 


The Mragnetic field at the eentre O of the 
semi-circle [Fig. 16] due to each straight 
Portion is 


Fig. 10 
(a) zero (py 2! 
Hol " = 
ar (infinity. 


An experimeter investigates the variation 
ofthe force F between two long, parallel 
current-carrying conductors a distance d 
Apart. A straight-line graph should be 
obtained on plotting 


(a) P against d (8) F against 1d 
() fagainst Vd? td) log F against d 
(e) F against log d. 


An clectron accelerated through a poten- 
tial difference V passes through a uniform 
transverse magnetic ficld and experiences 
a force F. If the accelerating potential is 
increased to 2V, the clectron in the same 
magnetic field will experience a force 

(a) F (b) Fr2 


(ce) V2F (d)2F, 

A ncutron, a proton, an electron and an 
a-particle enter a region of uniform 
magnetic field with equal velocities. The 
magnetic field is perpendicular to paper 
and directed into the paper. The tracks of 
particles are labelled in Fig. 11. The 
neutron follows the track 


Fig. 11 
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> 


53. 


(oy) 


dA 
we (d) D. 
G 
In Q. 50, protean follows the track 
(aA (sy 
we (dD 


«Bip, 12 
‘ shown in Fig. 12 
Which of the era ne penetic induction 


shows the variation 0! il n 
B with distance r from a long wire carry 


ing a current ? 


8 
> —> 
“eo () 
B 
‘—> ‘—> 
() (d) 


Fig. 12 
Acurrent of 10 A is flowing through a cir- 
cular coil of diameter 1 cm. What is the 
magnetic induction at its centre ? 
(a) 4x x 104T (6) 2n x 104T 
(c) 4m x 10%T (d) 4n x 10“T. 
Asmail coil lics inside a larger coil. The 
two coils are 
horizontal, con- 
centric and 
carry currents 
in the same 
sense. The 
small coil will 
experience 
(a) a torque about a horizontal axis 
(b) a torque about a vertical axis 
(c) an upward force nlong the axis 


View from 
‘above 


Fig. 13 


Emporium Competitive Physien (Oly 
eet, 
) 


(a) adownward force along the ayiy 
(ce) no resultant force 


56. Acharged particle is situated in 


56. 


57. 


of space and it experiences q fore, 

when it is in motion. It can bo nth 

that the region encloses duty 
both an electric field and a 

ore Trevi 

(b) both a mngnetic ficld.and an eleeta: 

(c) both a magnetic field and 9 mrayi 
field. 

(d) n magnetic field only. 

(c) an electric field only. 

A proton beam is going from north to 

and an electron béam is going from eo 

to north. Neglecting the carth's m, ou 

field, the electron beam will be dolce 

(a) towards the proton beam 


fi 
= 


(b) away from the proton beam 
(c) upwards (d) downwards, 

‘Two long, thin wires distanta Apart ox, 
a force F on one another when current 
through cach wire is I. The distance be. 
tween the wires is doubled and the cn 


I 
__ rent is decreased to 3 The force they ex. 


58. 


59, 


ert on one another, now is 

(a) F/6 (6) F/9 

(c) 2F/3 (d) F/18, 

An ammeter gives full scale deflection 
when current of 1.0 A is passed in it, 
convert it into 10 A range ammeter, the 
ratio of its resistance and the shunt m. 
sistance will be 


(a) 1:9 (6) 1:10 
(ce) 1: 11 (d) 9:1. 
Fig. 14 shows a “Zz 


rectangular coil of 
cross-sectional 
area A placed ina 
uniform magnetic 
field B directed 
along Z-axis. The 
torque on coil is 


Fig. 14 


4 


quit ee 


ae! 
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Gl 


62. 


63. 


64. 


yatitalong sve Canis 
‘ol ADL alone 
ra aii abng | ve 
qaneere 

nelectron ts revolving ina Clreular arty 
pfradius rina hydrogen atom. The angu. 
lar momentum ofthe electron ist, The di- 
moment associated with it ig 
tayteiml (DV tef2my 
tantnter (LV (2mtev1 

-particle moves at right ang. 
Ae magnetic field of ata 
3 cod of 5 * 10° m s"!, The force exper. 
enced by a-particle is 
(ara x LOT N (b) Be Lot 
(od ON (1) B x 10-1 yy, 
Aproton and an electron both Moving with 
the same velocity v enter into a regian of 
magnetic field directed perpendicular to 
the velocity ofthe Particles. They will now 
move in circular orbits such that 
(a) their time periods will be same 
(p) the time period for proton will be higher 
(c) the time poriod for electron will be higher 
(d) their orbital radii will be same, 
An electron is travelling horizontally to- 
wards cast. A magnetic field in vertically 
downward dircction exerts a force on the 
electron along 
(a) East (b) West 
(c) North (d) South. 
An infinite straight conductor carrying 
current 21 is split into a coil of radius ras 
shown in Fig. 15. The magnetic ficld at 
the centre of the coil is 
I 


ve Yeoxie 


pole 


2i 1 
' 
Fig. 15 
i dines! 
ta) Ho 24D (yy Ho 2D 
anolr An 
ter Ho. RD Ul) Zero 


Anoor 


65, 


5, 


67. 


69. 


70. 


Passe the rangn of voltmeter, its re 
heaite pie tn be reduced. A voltmeter 
the follniet By aed range ¥ Which of 
Ming routataners when ennnected 
{9 parallel wift 
of range Vin? 
fain, 


(ein = 11h 


mverrt itinta a voltmeter 


iinet 

(d) Nowe of the aberee. 
The magnetic 
field at the een. 
tre of the cube 
of 


(a) zero 


(18x p 


ave 


te) x Melt 
a 


bigt 
ene” 
Two short magnets placed along the same 
axis with their like poles facing each other 
repel cach other with 2 force of 25 N. The 
distance between the magnets is reduced 
by a factor of 4. Now, the force of repul- 
sion will be 
{a)4x25N 
(4 4e4u25N 


(d)12« 


(b)4"4025N 
(d)te4e4e4005N, 


|. A magnet of magnetic moment M is ro- 


tated through 360° ina magnetic field. The 
work done is 

(a) MH (Oo2 MH 

(c) 223MH (d) ero. 

A compass necdle is placed at the mag- 
netic pole of carth. Ib 

(a) points south-east (4) points cast-west 

(ec) may stay in any direction 

(d) becomes vertical. 

The magnetic induction and the magnetic 
ficld inside the iron core of an clectro- 
magnet is 1.07 Wb m™? and 150 Am-!. 
Then, the relative permeability of iron is 


-7 
ta) 102 6) 0 
150 a5 
7 a 
i SOF, 18 egy B07, 10 
150, Iz io Ar 
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75. 


76. 
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. AP 


t moves freely 
Ale bday a In this position, 
th se eatdip is 40°, Now, the dip circle 
ee ond ao that the plane in which the 
ele moves makes an angle of 30 with 
the magnetic meridian, In this position, 


he needle will dip 
calad? tb) 30° 


fe > 40° (d) < 40". 
ivoted magnetic needle makes 12 os- 
as in one minute. How man; oscil- 
lations per minute will it make ifits pole 
strength is increased four times? 

(a) 12 (b) 24 

(6 (d) 48. 

The magnetic moment of a magnet is 5A 


rid 


cillatios 


: m?. Ifthe pole strength is 25 A m, what is 


the length of the magnet ? 
(a) 10cm (b) 20cm 
(c) 25cm (d) 1.25 m. 
ramagnetic material is kept in a mag- 
ane field. The field is increased till the 
magnetisation becomes constant. If the 
temperature is now decreased, the mag- 
netisation 
(a) will increase 
(c) remains constant 
(d) may increase or decrease. 
Tangent galvanometer is used to measure 
(a) Steady currents (4) Current impulses 
(c) Magnetic moments of bar magnets 
(d) Earth's magnetic field. 
A long magnet is cut in two parts in such 
a way that the ratio of their lengths is 
2:1. The ratio of pole strengths of both 
the sections is 
(a) equal (b) in the ratio of 2:1 
(c) in the ratio of } : 2 (d) in the ratio of 4: 1. 
The period of oscillation of a magnet of a 
vibration magnetometer is 2.45‘s at one 
place and 4.90 s at the other. The ratio of 
the magnetic ficlds at the two places is 
(a) 1:4 (1: . 
(2:1 (d)4:1. 
What happens to the force between 
magnetic poles when their pole strength 
and the distance between them are both 
doubled ? 


(b) decrease 


Emporis 
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81. 


82. 


st) —2ictiyy 


(a) Force increases to two times the Pr 
value "i 


(b) No change 
(c) Foree decreases to half the Previoy 


(d) Force increases to four times the "Valuy 
value. 

Two magnets A and B are identeg 

“mass, length and breadth but have di In 

ent magnetic moments. In q Vibrag er. 

magnetometer, if the time periog one 

twice the time period of A, the ratig i ly 

magnetic moments M,/Mp of the magnet 

will be Magne, 

(a) V2 (b)2 

(c) 4 (d) V4, 

The strength of the magnetic field in whi 

the magnet is ofa vibration Magnetome, 

is oscillating is increased to 4 times it 

original value. The frequency of oscillation 

would then become : 

(a) twice (0) four times 

(c) half (d) one-fourth, 

A bar magnet of magnetic moment it ‘ 

placed ina uniform magnetic field of in. 

‘duction B such that it makes an angle 9 

with B. Then the position of stable equi. 

librium of the magnet is given by 0 equa} 


to 
(a) zero (6) 45° 


(c) 90° (d) 180°, 
The magnetic susceptibility of material 
is 7.54 x 10~. The nature and relative 
permeability of the substance is 

(a) diamagnetic 

(b) paramagnetic, 1.0075 

(c) ferromagnetic (d) none of these. 
For which of the following substances, the 


+ magnetic susceptibility is independent of 


temperature 

(a) diamagnetics only 

(b) paramagneties only 

(c) ferromagnetics only 

(d) diamagnetics and paramagnetics both. 


rd} 


MAC 


2. 


Questions for Self Assessment 


i he correct 
gndicate t cl choice amo; 
7k the follow 


the magnetic field inductio, 7 
Y cm froma long currentgarncanee 
ig 107 T. The magnetic field indueti are 
n distance of 12cm from the samewin ch 
(a9 107 T W3.1087 
(c) 3.33 x 10 T MAL 147, 
Abarofmass M is suspended by two wii 
Assume that a uniform magnetic field B 
is directed into the page, en the 
rent through the baris I, then the ‘eae 


‘jn each supporting wire is 


(0) Ms (6) 2B1L 


(c) Mg -. BIL 


Five verydong, straight, 
insulated, wires are 
closely: bound together 
to form a small cable. 
Currents carried by the 
wires are : 1, = 20 A, 1, 
=-6A,1,=12A,1,=— 


(a) Mg- BIL 
=o 


onl 


7A, I, = 18A. (Negative 
currents are opposite in **——t——» 
direction to the posi- 

Fig. 17 


tive]. The magnetic field 
induction at a distance of 10 cm from the 


cable is 


(a)5 pT (b) 15 yT 

(c) 74 nT (d) 128, T. 
ABCD is a 

square loop 8 c 


made of a uni- 

form conducting 

wire. The cur- 

rent enters the A D 

loop at A and 

leaves at D. The 

magnetic field is 

(a) Zero only at the 
centre of the loop 

(b) Maximum at the centre of the loop 

(c) Zero at all points outside the loop 

(d) Zero at all points inside the loop. 


Fig. 18 


5. 


-uniform mag. 


M7 


ing options (a), (b), (c) and (d). 


Two particles A + © + ee ee 
and B of masses a 7 

mM, and m, re- “er age 
"Pectively and 2 
having thesame * ¢! «ge 
charge are mov. « « 
inginaplarea DT 


netic field exists 
Perpendicular to 
this plane. The 
Speeds of the particles are vu, and up, re- 
Spectively and the trajectories are as 


Fig 19 


; shown in Fig. 19. Then ‘ 


(a)m,u,<mgvy (b)m, vy > my vy 
(c)m, <mgande,<vy 


(d) m, = mg ahd vy = oy. 


. Acoil having N turns is wound tightly in 


the form ofa spiral with inner and outer 
radia and b respectively. When a current 
I passes through the coil, the magnetic 
field at the centre is 


(a) oN (5) ONT 
a 

PONT o ugl™ |b 
36-05" ob a 
A uniform wire is B 
bent in the form of c. 
acircleofradiusR A 
Acurrent [enters at 


Aand leaves at Cas 
shown in Fig. 20. If 
the length ABC is 


half‘of the length 7 
ADC, the magnetic Fig. 20 
field at the centre O will be 

(a) Ze vol 

fa i (6) oR 

(c) 42 Hol | 

G R (d) CR 


Two particles X and Y; having cqual 
charges, after being accelerated through 
the same potential differences enter a 
+ region of uniform magnetic field and 
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11. 


the of radu B, and R, 


no ceneulae [I s 
describe cireult f tv of the mass of Xto 


reepectively. The 


that of Ys 
ye R: 


an alpha particlehave equal 
ries. When they enter a field 
canduction B moving at right 
angles to tt, they describe circles. If and 
+ bo therr radu of curvature respectively, 
then 


_ 
(by 2 
fa 


Bod 


(d) 


A eparticle mov- a 
ing with a speed of 
10° m s™ enters 
into a region of 
uniform magactic 
field of 0.2 T. The 
foree experienced 
by thef-particleis 
(a) 2.77 x 10 N 
(c) 5.54 107N (d) 2.77 « 10 N. 

The deflection in a moving coil 
galvonameter falls from 100 divisions to 
20 divisions when a shunt of 12 Qis used: 
The resistance of the galvanometer coil is 
(39 (b) 122 


r 
“ 
° 

« 
a 


Fig. 21 
(B) 1.6 «10-4 N 


(ce) ABQ wo 
5 


A 100 turns coil shawn in figure carrics a 
current of 2 A:in a magnetic field B of 0.2 
Whb/m?. The torque acting on the coil is 
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Me 


15. 


16. 


17. 


18. 


19. 


(yoann tending 10 rotate the sido Aly 
of the page ou 


a2 Nom tending to rotate th, 
out of the page 

(ad) 0.0092 Nim tending LO rotate tho rigg A 
into the pare D 

Asquare conducting, loop of length le 

side carries acurrent 1. The magnetic fi 

at the centre of the loop is 

(a) independent of L 

(b) proportional to L? 


© vide At 


a 
eld 


(c) inversely proportional to L 

(d) linearly proportional to L. 

A beam of protons with a velocity of 
10° ms“ enters a uniform magnetic feta 
of 0.3 Tat an angle of 60° to the magne ‘ 
field. The radius of the helical path takes 
by the proton beam is nearly a) 
(b) 2mm 

()8 mm (d) 12 mm. 

In the previous question, the period of 
revolutjon is 
(a) 2.185 x 10's 


(a) 1 mm 


(8) 21,85 x 104 5 


(c) 218 (d) 21 ms. 
In Q. 14, the pitch of the helix is 
(a) 4mm (b) 40 mm 
(c) 43.7 mm. (d) 100 mm. 


The magnetic field at two points on the 
axis of a circular coil at distances of 0,05 
m and 0.2 m from the centre are in the 
ratio 8 ; 1. The radius of the coil is 

(a) 0.1 m (b) 1.0m 

(c)0.2m (d) 0.15 ny 

A milliammeter of range 10 mA has a coil 
of resistance 1 Q. To use it as a voltmeter 


of range 10 V, the resistance that must be 


connected in series with it is 

(2)9Q (b) 99. Q 

(c) 999 2 (d) 1000 Q, 

A magnetic field of 0.004 é tesla exerts a 
force of (41 +3j) x 10-9 N on a particle 
having charge of 10-9 C and moving inz-y 
plane. The velocity of particle is 

(a) (754 +100 j) ms-! 

(b) (751-100 j) mst 


atl! 


Py 
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J rnter On COWEMT Any MAGDETIIG 


yet! +100 jie! 

(e : di 

ye 794 VON) met 

wider cond uctor strip of width Lig bent 
into 9 slender tubing of radius with ne 
in ds forming two plane extensions A 


dd 


och rs aa ie 
werent I Mowing through it gives maynetie 
cd in tubular portion given by “ 
wo! cw) Bal 
ql on a 
1 Hol 
V0) (dy Hol. 
(aT ! 1 


Ata distance of 10cm froma long straight 
wire carrying current, the magnetic field 
is 0.04 T. At the distance of 40 cm, the 


tragnetic field will be 
(0.01 T (0) 0.027 
(10.08 T (0.167. 


Awire of length L is shaped into a circle 
and then bent in such a way that the two 
semi-circles are perpendicular. Whatis the 
magnetic moment of therystem when cur- 
rent I flows through the system? 


2 2 
ert St 
8n An 
I v1 
bee (d) 
(c) 7 Fj 


A loop of flexible conducting wireoflength 
{lies in magnetic ficld of B normal to plane 
of loop. A current | is passed through loop. 
The tension developed in wire to open up 
is ° 


n Bu 
a> BU (b) = 
(c) Bil, (d) BU. 

Qn 
A wire is bent Y 


into three suc- 
cessive quad- 
rants. The quad- 
rant ab lies in 
the xy plane, be 
in yz plane and 
ca in the 2x 
plane. What is 


Fig. 23 


25, 


ww 


the 
MARR moment of thin svete Ife 


ou 
irtent few theough it? Given 7 
fadiun af each 9 


und rant. 
a 
ta) fit wy 222} 
4 ) ——— 
te wy ye 
7 jes 


Inan ammeter, 47m of the main current is 
Passing therugh galvarometer. Ifthe gal- 
WAfomeler in shunted with a 5 Ql resint- 
ance, then the retatanes of the galvanom- 
eter is 

(aaa wou 

f2o Wisma 

Currents of 19 A and 2 A are passed 
through two parallel wires Aand B respec: 
tively in opposite directions. Ifthe wire A 
isinfinitely long and the length ef the wire 
Bis 2 m, then the force on conductor B, 
which is situated at 10 cm distance from 
A, will be 
(a)8 ©1078 
() 8x a 10-7N 


(b)40108N 

(dé) 420 107 N. 

Two concentric coils carry the same cur- 
Tent in opposite directions. The diameter 
of the outer coil is twice 23 compared to 
the inner coil. If, at its centre, the smaller 
coil produces a magnetic field of 2 T, then 
the magnetic field at the common centre 
is 


(a) 1T (b12T 
(c)3T (dy 4T. 


A potential difference 
b 


of 600 volt is apphed 
Fig. 24° 


across the plates of a 
parallel plate capaci- 
tor, plates being sepa- 
rated by 3 mm. An clec- 
tron projected verti- 
cally parallel to the 
plates with a velocity of 
2x 108 ms‘! moves 
undeflected between the plates. The mag- 
nitude of the magnetic field in the region 
between the condenser plates is 
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30. 


31. 


32. 


wort 


1) GOO T. 


(a) O1T 

tel D010 T 

An infinitely long 
straight conductor 
is bent into the 
shape as shown 1D 
Fig 25 It carries a 
current | ampere 
and the radius of 


the circular loop ts 
metre. Then the magnetic induction at 


the centre of the circular loop is 
(b) 


Fig. 25 


la) zero 


In Fig. 26, two long 
parallel wires carry 
equal currents in op- 


posite directions. jo . 
Point O is situated 

midway between the z 

wires and the X-Y 2d: 
plane contains the two 

wires and the positive Fig. 26 


Z-axis comes normally out of the planc of 
paper. The magnetic field B at O is non- 
zero along 

(a) X.Y and Z axis 
(c) Y-axis 


(b) X-axis 

(d) - Z-axis. 

An electron is accelerated by a potential 
difference of 12000 V. It then enters a 
uniform magnetic field of 10 T applied 
Perpendicular to the path of electron. 
What is the radius of path? Given 
mass of electron =9 x 10°! kg and charge 
on electron = 1.6 x 10°C 


(a) 36.7m (b) 36.7 cm 
(c)3.67 m (d) 3.67 em, 
AUtubcofuni- 7 LT 
form square 
cross-sectional 
side a has mer- x 
cury in it. Cur- C— } 
rent J is passed 
between sealed * 
Kio 97 


ENeLie 
applied across horizontal reetign Mtn, 
dicular to plane of dingram. The 4 . 


in mercury levels is IGiven spa ttny 
» of mercury] "nity 
201 201 
(0) 3 ya (b) ieee 
nt ABIL 
(0) oe td) — 


33, Acircular segment of 
radius 10 cm sub- 
tends an angle of 60° 9A 
at its centre, A cur- 
rent of 9 is flowing 
through it. The mag- 
nitudo and direction 
of the magnetic field 
at Ois 
(a) 9.43 x 10° N AW! nv, 

perpendicular to 
planc and inwards 


Fig. 25 


(b) x N A“! ine! perpendicular tp 
inwards Plane ang 


(e) ot in the plane 


(d) ion T in the plane, 


34. A long vertical wire carries a Current of 
10 A flowing upwards through itata place 
where the horizontal component of the 

‘earth's magnetic induction is 0,3 gauss 
Then the total magnetic induction ate 


point 5 cm from the wire due magnetic 
north of the wire is 


(a) 0.7 gauss (6) 0.5 gauss 


(e) 0.1 gauss (cd) 0.4 gauss. 


35, Fig. 29 represents acurrent-carryingcon. | 


ductor RS of length:2 m placed at Tight 
angles to a magnetic field of flux density 
0.5'T. The conductor experiences a force 
of 1 Nas shown in the Fig. 30. The magni- 
tude and direction of the current is 


Ss 


Conductor 


Magnetic field of 
flux density 0.5 T 


Force of 1N 


36 


gf. 


38. 


Aton oe 


from 1? $ M2ATomS wt 
ro ‘ 
w n htosS 
fro" ’ ' 
w is le aolenoid Kis made by winding a 


A aim? ‘th of insulnted wire arounda hal. 
im nk poard tube of diameter tem and 
iow © if 19 em so 08 to produce uniform 
jens iN vofturns ina single layer along the 
gpacint agth of the tube. A similar sole. 
whale is then made by winding a 2 m 
noi of wire around another tube of di- 
jongth gem and length 20 cm, again so 
ame! er vo dice a uniform single layer of 


as to Pal the whole length. How many 
turns east be the current in Y compared 
ime at in X to produce the same mag. 
with flux density inside cach tube? 
otic 
vd 

ad (b 

@ (DA 
(ce) 
() 


: coil of a ballistic galvanometer is 
nd ona non-metallic frame because 
‘ho moving system should have the least 
possible : ; ; ; 
(1) moment of inertia, (2) electrical resist- 
ance, (3) damping 
(a) 1, 2, 3 correct 
{c) 2,3 only correct 
(e) 3 only correct. 
Two long parallel wires 
Xand Y carry currents 
of 3A and 5 A respec- 
tively. The force expe- 
rienced per unit length 
by Xis 5 x 10°N m! 
tothe right as shown in 
Fig. 30. The force per 
unit length experienced 
by wire Y is . 
(a) 2 x 10° N m7! to the 
left 
(b) 3 x 10° Nw"! lo the 
right 
(ce) 3 x 10-8 N mv! to the lef 
(d) 5 x 10-8 N in7! to the right 
(c) 5 « 10-5 N mv! to the Ieft. 


(b) 1, 2 only correct 
(d) 1 only correct 


> Force on X 


Fig. 30 


anne 
waseese 


%9, 


4 (Dyutiy 
bs 
20) 


7 
M4 
WW 


Was plats) 


Fig. 31 
Itean be deduced from the 
Proportional to 
la) x3 
(ce) 
lex 


Two solenoids P and Qof cqual lengt! 


Sraph that Bis 


bjrt 
ld) 


40. 


different numbers of tums, are arranged 
coaxially as shown in Fig. 32. P kas 200 


tums and Q has 300 tums. 
ot 
ay | 
oor x 


> 1! 


- Fig.32 


There is acurrent of 1 Ain Q. What must 
be the current in P in order that there is 
No resultant field at X midway between 


the coils? 
2 3 
a) 5A (a 
4a 
(1A (3 
5 
(asa. 
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a 


oving-catl galvanometers x a : 
ed in series and a curren 
Their readings are found 
for X and half scale for Y 
Given that their seales are aa 
their restoring Springs of he ne 
strength, but that X's coil is Qwiee ae lar 
inarea and has twice the number ©! a 
compared with Y's coil, the ean i 
strength of X's magnet compared with Ys 


magnet is 


11, Two 
are connect 
passes through 
tobe full scale 


1 
ta) (b) 3 
(et a2 
(a. 


42. Abcamofions with velocity 2 x 104m st 
enters normally inte a uniform magactic 
field of 4 x 10-7 T. Ifthe specific charge of 
theionsis 5 x 107C kg", the radius of the 
circular path described will be 
(a) 0.10 m (0) 0.16 m 

11 (90.20 m (d) 0.25 m 


Jn portum: Competitive Physics (Oby, 


43. A protonand ana-particle enter a uniform 


magnetic field perpendicularly with the 
same speed. If proton takes 25 ts to make 
5 revolutions, then the periodic time for 
“the a-particle would be 

(b)25 bs 

(hops 


(a) 50 ps 
(ch 10ps 
44. Acertain device used the Hall effect ina 
semiconductor to measure magnetic fields. 
A particular increase in temperature re- 
sults in an increase of 2% in the number 
triers in the semiconductor. 
ity of the device 
(b) increases by 2%. 


(a) inereases by 4% 


(Vis unchanged (d) decreases by 2% 


(e) deervinsos by 4%. 
46. A proton and a deuteron both having the 

same kinetic energy, enter perpendicu- 

larly into a uniform maynetic field B. For 

motion of proton and deutron on circular 

paths of radii R, and Ry respectively, the 

correct statement is 

(aty= J2 

aly = VBR, 

ld Ry= 

ce Ry=R, 


(b) Ry = Ry WB 
(d) Ry = 2k, 


47. 


48, 


Selly) 


The dingram shows three Jon 

wires Py Q and K normal to the 1elehy 
he paper. Wires P and Rear; 

va into the plane of the vy rents 
vire Q carries a current direeteg ang 
the paper. All three currents have tof 
sime magnitude. iy the 


A 


©° 


@r 
Fig. 33 


Which arrow best shows the direg 
the resultant force on wire P ? 
(aA (6) B 

{e)C (@)D 

(ce) E. 

The radius of the earth is 6.4 x 106 mang 
its magnetic moment is 6.4 x 107 A m2 It 
it is assumed that this moment is duetog 
current-carrying loop suspended along the 
magnetic equatoridl line, then the value 
of the current will be nearly 

(a)5 x 10°A (b)5 x 107A 

(c) 5 x 104A (d)5 x 109A. 

A long, air-cored solenoid has N turns, is 
of length /, has cross-sectional area A and 
carries current I. The uniform magnetic 
flux density near the middle of the sole- 
noid is parallel to the axis and has the 
value HjNU/. What is the magnetic flux 
through the cross-section in thia region 2 


tion of 


(a) j4,NI cu) Hot 
HoNI oN 
(c) =— fo 
7 (ay #on 
(ed NIA. 


A rectangular current-carrying coil is 
placed in a uniform magnetic field B such 
that the sides PQ and RS are parallel toB 


Ne of 


61. 


4). Ifthe current in the ‘iia ee 


3 ¢ <2 62, ‘ 
= 2 10 T, the Wh. 
(Fibs and B CN Lorque on ; tis the magnetic held atthe centre O 


c ft 

ce coil # he aren the Fig. 277 

uh A 
}4-—— 04 m——-o} 7 
‘| : 

8 

025 

s a 7 


Ho. x2 
wy 2 «2 feo] 


“ut 

(c) reel CE * wit A a5] 
anor 

53. In Fig. 38, what is the 

Magnetic field induc- 


Fig. 34 
(b)4 «107° Nm 


(d)5* 109 Nm, ; 


tion at point 0? 
(ay Hol 
dar 
lA uy Hol, vol 
Mr One 
d 
(cy Hol, Hol 
|. KG reborn Fig. 38 
sume that Lamy 2A (dy tal Hol 
recurrent in.a Ar Axe” 


long wire Pre- The deflection of n galvanometer falls to 
duces magnetic 

ficld B’ at a dis- ; 
tance d from the wire. The strength and 
direction of ficld ata point X marked in 

Fig. 36 will be 

ta) 3B’ int the plane of paper 

(b) B into the plane of paper 

(c) B’ out of the plane of paper 

(d) 313’ out of the plane of paper. 

The magnetic in- ; 55. 
duction at the cen- 

tre O (Fig. 36) is 


Fig. 35 1 

th when a resistance of 4 ohm is con- 
nected in parallel with it. What will be the 
deficction if an additional resistance of 
2Qis connected in parallel with its above 
shunted galvanometer ? - 


1 1 
(a) gh (by ap" 

1 i 
ph (di qth of the original deflection. 
In Fig. 39, there are two semicircles of 
radii rp and r, in which a current I is 
flowing. The magnetic induction at the 
centre O will be 


te) 


i 
(a) Ei +m) 
? 


Fig. 36 
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59. 


Acurrent Lis flowing a loop of radius as 
shown in Fig. 40. Tho magnetic mduction 
intensity at the cen: 
tre O will be 

a) Held 


{ 


cubed 

poe 
Aree 
2a dain d 

i) 


(gy Belin 
r 


Three long, straight and parallel wity s care 
rying currents are arranged as shown in 
Fig. 41. The force experienced by 10 em 
length of wire Q is 

R ie) 


Li 
age 


20A 1A 

Fig. 41 
(a) 1.4 * 104 N towards the right 
(0) 1.4 x 10“ N towards the Ieft 
{c) 2.6 x 107 N tothe right 
(d) 2.6 x 104,/N to the Ieft. 
Two very thin metal- 
lic wires placed along 
X and Y-axis carry 
currents as 
shown in Fig. 42. AB 
and CD are lines at 
45° with the axes with 
origin of axes at O. 
The magnetic field 
will be zero on the line 
(a) AB (b) CD 
(c) Segymere OB anly of line AB. 
(d) Segment OC unly of line CD. 
Two lon3 init wires ABC and DEF are ar- 
Tangea as shown in Fig. 43, They carry 
equal currents I as shown. The magnitude 
of the magnetic field at O is 


equal 


Fig. 42 
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Fig, 49 
(b) \tgU4ng 
(1) \,U2VE na, 


(a) zero 

fe) jiy¥/2e0 

A wire is bent in 
the form of a circu- 
lar are with a 
straight portion 
AB. Magnetic in- 
duction at O when 
current I is lowing 
in the wire, is 


(a) #9! no + tano) 
2 


(b) Hol i 4 0 tan 0) 
ane 


(c) Ho (x0 + tan 0) 
Qnr 


(cd) 4! (tan 0+ nO) 
2r 


61. The magnetic ficld at O duc to current jn 


the infinite wire forming a loop as shown 
in Fig. 45 is 


I 4 
(a) £2 (cos 4, + cos 6) 2 


tp 20 

(0) FPF (tan 0, + tan 0,) 
Mol . 

() aoa (sin 9, + sin 6) 


Hol . 
Mea (cos 0, + sin 0,), 


oh 


GA. 


op UM CUE TET yey 


Mars 


ann 


, enfenite. thin, 
vail wire LE ninpart 
ara currents as chown 
cat tb The distance 
i rm intfromvare Lin 4 
od nthe two wires ; 
Or are the net magnetic 
eld 1s 2070, 18 . 
woe 
yroen 
ie oan WHO.5 ms 
from left 

rotan maves to risht wy, 
A focity in horizontal dircetion Then 
ton enters a region of space where eh ie 
field E, is vertically downwards, . 
should be the direction and Magnitude 
*agneeic ficld B su that the protien mney 
undeflected if 
(a) Horizontal Wi tov and v= yy 
) Horizontal Bi tow and any magnitude 
(co) E.vand B should be mutually perpendicular 
(d) Wot magnitude Fr and parallel to e, 
Two wire loops 
pQrs? formed 
by joining two 
semicircular 
wires of radii 
R, and R, car- 
ries a current 
I as shown in 


sonetags Bensneeee 
7 


Fig 


at 
of 
C5 


Fig. 47 
Fig. 47. The magnitude of magnetic in- 
duction at centre Cis. 


Ri Vy fue) fa 1 
iogint [ t| w(¥2)t ral 


1 
ral (ey, NM). 


Acharged particle having kinetic energy 
KCenters into the region ofa uniform mag- 


netic field between Pp a 
lOMORO) 


two plates P and Q 
MORCHO) 


as shown in Fig. 48. 
The charged particle 
q 
(OMORO) 
(OOO) 


just misses hitting 
the plate Q. The 
magnetic field in the 
region between the 
two plates is —s 
Fig. 45 


mint 
. "TR sg + Lond 
* Mh a tens Lei 
Beery the * Prerent of total evrront 
AMEN af thew eneae A reninte 
he Slvannmnte i 
Eth that og aometer ne G.then value 
19 ‘iG 
ae hy mG 
n ‘di — 
7. A tone 5 ‘0 
PP bition re 
Eh, cylinder of radiue 


BN ACL EERE Tae, 
tT eng. wapere fiewing through 
he monet field induction at » die. 


Naren F from 4) 


CARS varied at ahr 
tory atthewn in 


ele 


( 
J 


o—e 


: ~ 
i 
" (a 
| 
a) 
| 
E} 
Rot a 1— 
(um) (wy 
Fig. 49 


68. A wire carrying a current of 8 A has the 


shape shown in Fig. 50. The radius R of 
the curved part of the wiress 160 mm. The 
linear parts of the wire are very long. The 
magnetic field induction at O due to sart 
AB of the wire is 


Zs 
| 


c 


fp 


Fig. 50 


$$ 
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GIL Two long parallel wires are iat a distance “ Ss 
Qdapart. They carry steady equal currents 3 N N 
Mowing out af the plane af the paper as 1 " 
shown in S. The variation of mage . F 
nvtic field B along the line XN‘ as given by nN 
8 0 
Bs yoke : 
J C i 
H : ‘ ' Wl $ cor 
\ \ i & 
: \ ~) Ml Vv, 
5° 5 Fig. 53 7 
(hy tay (OIL 
. ‘ (ed. (dW. 
too ! 72. Assume that the terrestrial May netigm ; 
ity due ton short magnet at the centro at i 
ee ok earth. Refer to a point on the SUrfacg 
\ i( the earth. Give: “magnetic latitude ort 
spas! reference point = 2, 6 = angle of dip a Ie 
aod R= radius ofearth. Then, the Value of yo 
() th tical component V of the earth's field ne 
Fig 51 a) ahah (b)tan's 
70. Nand Waretwe  B (e) tan & © U2 tana, 
concentric circular A 73. In Q. 72, the value of horizontal compo. 
conductors of centre nent I is* 
Oand carrying cur 1 Meosa 
rents I, and I "4, ers ae 
shown in Fig. $2. 5 
The ratio of their (d) M tan. 
radii is 1:2 and Fig, 52 74, In Q. 72, the tangent of magnetic latitude 
ratio of their flux his 
densities at O duc to A and Bis 1:3.‘The aihtean's itusne 
value of IL ig (ec) tan (cl) 0.5 tan 6, 
I, 75, Two magnets of equal N 48 
te 1 tbr a mass arc joined at right " 2 
ner "4 angles to cach other. 
to! wt, Magnet N,S, has a 
2 : magactic moment ¥3 
Tl. big. 63 shows different combinations of 


two magnets, each of magnetic moment M. 
Which combination has largest magnetic 
moment ? 


times that of N,S,. This 
arrangement is pivoted 
so that it is free to ro- 
tate in a horizontal 
plane. When in equilibrium, 0 is 


Sy 


Fig. 54 


* and the horizontal compono, 


al cere OF CURRENT AND My 


thy says 
(d) Gor, 
he B-H curves ‘ 
ab and (b) shown 
in the Fig. 55 are 
gssociated with 
aya diamagnetic (j 


and a paraning. H 
netic substance 


respectively 


o> 


( 


ramagnelic 
aa facroni Fig. 55 
gmetic substance Fespectively 
(c) soft iron and ste Tespectively 
(d) steel and soft iran Tespectively, 


Ata certain place, the angle of dip ig Sor 


nt of ; 
field is 0.15 T. A beam of pron corths 


‘i tons is 
ing vertically upwards with a pend 
3x 10° m s"!. The force on 8 proton 7 


{cos 50° = 0.6, sin 50° = 0,8) 
(04.93 x 10 N (6) 5,88 lot y 
(c) 8.60 x 10°" N (d)1.2x lO yy, 
Two magnetic north 
poles, each of m am- 
pere metre, are placed 
at the two vertices of a a 
an cquilatcral triangle 

of side a. The result- 

ant magnetic induc- gy 


a 
ji third ver- if 
Man 3 the third ve, Fig.s6 
(a 2 (vy Mo aw 
4n a? An q@ 
Ho Ym (ay 49 Am 
(c) oe an at" 


Acoil of 100 turns and area 2 x 10? mtis 
pivoted about a vertical diameter in auni- 
form magnetic field and carries a current 
of 5 A. When the coil is held with its plane 
in north-south direction, it experiences a 
couple of 0.3 N m. When the planc is cast- 
west, the corresponding couple is0.4Nm. 
The value of magnetic induction is 
(Neglect earth's magnetic ficld) 

(a) 0.2T (b)0.3T 


()04T (d)}0.05T. 


82, 


-ehe 
2 Mellen ico 
a fey Kis Closed, an Upward 
The new time reaaeathed as shown, 


Fig. 57 


(b)025 

iOas. 

Setion of magnet i v 
fa defection magnctomeiae position 
(b) East-West, 

(d) South-West. 


ie Needle, it 
Minute. If thy 
that its pol 
the new fre 
(c) 2 oscilla, 


(8) 12 oscillations per minute 


{€)20 oscillations per minute 
44697 cacilations per minute. 

The plane of dip circle is 
Braphic Meridian and the 
0,, Ibis then sct in a vertical plane per- 
Pendicular to the geographic meridian. 
Now, the Spparent dip is O,. The angle of 
declination a at that place is 


(a) tan ae Jian 0; tan 
(b)tanas rg + (tan)? 


tandy 
(etna ope 


setin the gco- 
apparent dip is 


tan 02 
(d)tanas Tandy" 
Ina vibration magnetometer, the time pe 
riod of a bar magnet oscillating in hori- 
zontal component of earth's magnetic field 
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87. 


sntnearant 
ida, When a magnet is brought near an 


parallel to tt, the time period raluces to 
1a The ratio H/F of the horsental com> 
ponent Hand the held F due to magnet 
will be 

toa wa 

ali vl 

The distances of two points on the axis of 
a magnet from its centre are 10. emand 20 
cm respectively. The ratio of magnetic 
ficlds at these points is 12.5; 1. The length 
of the magnet ts 
ta) Sem 

te) 10 em 
Amagnetising field of 1600.0 wv! produces 
a magnetic flux of 2.4 x 10“ Whin an iron 
bar of cross-section area 0.2 cm’, The sus- 
ceptbility of bar is 
(a) 595.6 

te) 208 

Two ferromagnetic 
materials X and Y 
have hysteresis 
curves of the shapes 
shown. (Fig. 59) 


(by 2h. cn 
Ub 20m 


thy 1192 
Cd) 1758, 


for making a per- 
manent net as 
well ax an electro 
maymet. 
(0) X is more suitable 
for making a per- 
manent magnet 
le ¥ ix more 


suitable for mak: 
ing an clectromag- 
net. / 


Fig. 58 


able for making an electro- 
magnet while Y is more suitable for mak- 
ing a permanent magnet. 

(d) neither X nor Y is suitable for making: ci- 


ther a permanent magnet or an electromag. 
net. 


Emport 


RAL 


e 
S 


90. 


91. 


Ta Competitive Diy ates (Objectir, / 
* 


phree wentical bar hs 
magnets, each of 

magnenic moment 

M. are placed in the 

form of an equile og 


ateral triangle with i. Ys 
th pole of ane ; 

north pe south Fie BD 

pole of the other (Fig. 69). The net i 


entof the system is 
(a) 2ero (b) 3M 

(ce) IM/2 (d) MV3. 
The pole strength of a bar magnet ig 484 
mand the distance between its poleg is 
25 cm. The moment of the couple by which 
it can be placed at on angle of 30° with 
the uniform magnetic field of flux deng 


netic mome 


it 
0.15 N Av! m! will be ity 
(a) 12 Nv (6) 18. Nm 
(e) 0.9 Naw (d) None of the above, 


Fig. GO shows the 
north-south line and a 
bar magnet at 45° 
from it with its polar- 
ity shown, The neutral 
points would occur ap- 
proximately along the 
line 

(a)OA 

(b)OB 

(ce) OC (d) OD. 

A magnetic needle of magnetic momenté0 
Am?is directed towards the geographical 
north at a place. It experiences a torque 
of 1.2 x 10-9 N m, If the carth’s horizontal 
component of that place is 40 4. Wb m-?, 
then the angle of declination at that place 
will be : 

(a)30" (8) 45" 
(c) 60° (d) 90°. 


v 


yal 


ps 


11. 
18, 
19, 


ne eal 


oe 
— 


19 


A 
n ers/E, Planations = 
Sw, x __— 


gclected Multiple Choice Questions 


1007 109 
10-107" 


QUA. Gog 


(a) T-ly 
For soft iron, the curie tem, 
ly 170°C. 
Ferromagnetic substaneny 
magnetised, 

__10'x1 
“Tor tm 


(e) 
near 


Perature is 


can be 
stronkly . 


mv 


@)°= Bq 


Gly 


9.8% 10x 1979 
500 x 1079 - 10x 19° 


ficld due to th 

(by ALP, the | o the conductor 
well as earth's field are in the same dings 
tion. At Q, both these fields are in opposite 
directions. So, the field at P is greater than 
the field at Q. If cath’s field is not consid. 
ered, then field nt P is the sameas the field 
at Q. : 

(a) W = MB(1 — cos 60°) = 1 MB 

or MB = 2W, t= MB sin 60° = 2W sin 60° 


2owx 2. gw. 


(a) F, = 9 (v xB): Clearly, the magnetic 
force does not depend upon mass. 
(a) On the line y = x, the magnetic fields at 
all points are equal and opposite, 


(b) Like currents attract. 


_ Holile 
(b) Force/ength = ‘One 


lem, 1, = 1, =] and r=d. 

(a) Work done by magnetic field is always 
zero. 

(a) F,, = Bau sin 0° = 0. 
(d) Factual information. 

(6) Electrostatic force of repulsion dominates 
the magnetic force of attraction. 


«In the given prob- 


Hol 1 
Le ae 
aR. OR 
(a) Factual information. 
(b) F=BU=0.5x5%x2N=5N 


(e) 


(a) Magnetic field cannot impart energy. | 


WD. tty por, 
zn “*f Wa Comprehensrry Phywes fer class 
a 4 
pulses Fepulainn mnuld be due to bath the 
ieee it Interaction and electromtatie inter- 
( 
eam tubstances are repelled by 
rem in 
BL iWxi08 ; 
1. (e)Diamagnetics 
(c) Diamagnetic substances are pushed out 
of magnetic field. 
25. (b) 22m 
— 
26. (a) Net force = mite - +] 
2 lyon 
=2elO7x2e 10150 103[ 42-220) 
=60« 10% {so 3) N 


2604 104s 295 «1078. 


27. (b) Ammeter is called shunted galanom- 
cter. 


28. (e) 


T=mxB. 
29, (b) bot 5x 10° 


-2 -5 
= 25x10" x5x10 Asta 
4xd14x 107 7 


mu 
= 


30. -(e) m 
c) Bq 7 


ron 


31. (bytand= BY = BY 21 52457, 
Bu By 
32 (c) Diamagnetic substances tend to move 
away from the magnetic field. 
33, (a) 1, = 10 HA = 10-9 A, G = 10002, =?, 
T=10mA= 107A 
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Emp 
30 WNETIC EFFECT OF CURunser as, 
me? MAGN! ENT AND MAGNETIC 
3b 


: revm 
ai js more for proton. r is more. So, trajee, 


Ge- or j 


i 
Clearly ? is &. 


ye 
Gl, 100810 yg 41, (0) Ha 7 46. (b) For the 
S* Tr,” 107-10" : — paticle to move | tae the apeetat | "A. (e) Thelarger emt induers magnetic ux den- 
einer, wath r along Saltelock: | inthe adopted sity Don the emall coul in the direetson point- 
u. (a) F,=- SOE tee or tq = mB vile pein force: eee. | ing into the paper as thown by the cross 
ae : - should be along gns. The magnetic flux density in turn in- 
_ Jan Fy j. Velocity is along i, duce forees on the smail coil which are all 
= aoa tah oe radially outwards from the small coil. 
In the given problem, B, E, and g Fe con, Now Fin =—€ (u «BY 
stants. . In terms of unit vectors only, ® 


is less curved, 
ere 7, =2n a +h ie 21) tory 47. (a) The magnetic ficld ata point on the axis 
5p+4p 9p io @ ay lee Y of the current clement is zero, 
r be shown th: 7 
= 48. (b) Itcan be shown that the force F bet 
T, =2n a . 7 two long, paralle] current-carrying conde, 
A Sp- or ae Bq tors a distance d apart is Fig 61 
- ET 3 E, « BY, pe Holalet Padre taaae eat rieranies 
. p Ty 9°73 _ u Qn S force on one point o: small coil is always 
36. (a) Electrostatic interaction dominates 4% () Pu nx 1x 107 where 1,1, are the currents in the conduc- counter balanced by a force of same magni- 
magnelic interaction, tol tors and / is the length of each conductor, tude on the opposite point along the diam- 
37. (b) Factual information. Again, 2 OP Hence, force F should be plotted against 1/d cter of the small exil. 
1 a er ’ in order to obtain a straight-line graph. 55. (d) In an clectne field (E), the charged par- 
3B. (0) 0.6 x 104 = ex 1 I Buk = : 49. (e) F = Bao . ticle (q) will always experience a force (gE) 
“ener _ or ar=n 1 whether or not it is in motion. 
or r=4x10%m Hol . But > mvt=eV or v 7 GM 
goer “ B,, fo 3 In a gravitational field | & = Re , the 
. x A : : 
500 x 100 . ‘ F=Bq Vv charged particle of certain mass (m) will al- 
39. (6) n=—p i By _pol , 2nx1x10? 4 7 m , 
5 ik By = Hol «WV ways experience a force } whether e- 
Bednx 107 x= x10%x1T Ses Fx JV cs R 
4 ahaa tsr ol Fe fav not it is in motion. 
3.14 * 5 gauss =0.02= — 0 ‘ 
50 EF n the other hand, the charged paticle (q) 
44. (c) M=IA=In% 7 Veo Fe TF. will experience a force (quB) only when it is 
A . in motion (velocity of v) if it 1s placed in a 
L 50. (ce) Neutron follows straight path. This is be- inagnieti 
; L ls agnetic field (B). 
Clearly, Tis independent of velocity eet a eid snuncal zero laree, =~ : 
< if ‘ 2 - 
2 mu’ 
- eS L 51. (a) Bo = b 
"© Acommon misconception Meln [z] Ba r 56. (a) The two beams constitute 
: Lg mv like currents. Like currents 
mv . or r= altract. 
Bgu = — = mrt - 2 Ba 
0 Ee a alll, aes 
or nf] = By ao a ; Proton has less mass. So, r is less. Hs 
; 45. (a) a= 62. u r 7 
Can you say that T depends upon v ? 2Ho Bee te 57. (d) Fx — 
on 
no,why? or ue B? “63. (a) r=0.5« 10-%m,1=10A ia Fig. 62 
P The graph is a symmetric parabola abont u- jigl _ dn x i077» 10 Fe. (4) at 
: axis and passing through the origin, bey: z T Spits 
: 2r 28 08x10 F 
4 fe 
|, 


» sda WAT ; rs 
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362 
1A 
9 
Ans 
58 (dF + 
av 
9A S 
Fig. 63 
= In parallel combination, th 
currents divide themselves in 
the inverse ratio ofresistances., 
59. 7 =NIA xB) 
Since AB. © =0. 
60. (6) MeIA 
Mes nm 
eu 
M=o5* ne 
cor 
“2 
But .  tsmor or r=7 
vy t 
ie M= ow 
c 
or M=5rk 
61. (6) q=2% 16x 107°C 
B=05T 
v=5x108ms? 
F,, = Byv 
=0.5x2x 16x 10-9 x5 x 10°N 
28x10" N. 
62 (6) T= = 
Tem 
Since proton has larger mass therefore time 
period is more. 
S. a) Ps =I (A xB) 


Since A 1B, = 3 =0. 

64. (d) Magnetic fields are equal in magnitude 
and opposite in direction. 

65. (d) For reducing the range of a voltmeter, 
we have to reduce the resistance in series 


with the galvanometer. This cannot be 


Emporium: Compelitive Physica (Object, ) 
J e 


i by connecting @ resistance 


i 
th the voltmeter. N Par. 


achic’ 
allel wi 
exw The range ofa voltmeter can 


only be increased. It cannoy 
be decreased. 


66. 
cel out. 


67. (d) at 


inversely proportional to the 
fourth power of the distance 
between them. 


68. (d) The magnet is back to original postion, 


69. 


Ss == 
In a compass needle, the mag. 
netic needle oscillates in the 
horizontal plane. 


70. (d) 1.07 = Hg, x 150 


1.07 
or be= Ty x 150° 
_ 1.07 _ 41.07 10° 
“4nx10"x150 150 4x" 
By tand 


71. (c) tan 8’ = 5 cos * 6 
cos 0 < 1, tan &’> tand 
5 >5. 


When pole strength is increased four times, 
M is also increased four times. 


Clearly, v is doubled. 


73. (6) = M=mx2 
M_5 1 
or = = ae M == m= 20cm. 


cunt 
nine 


Lor OF CURKBEN 


TAN MAGNET 4g 
%) 


ca Note thatt represents 
hal, 7% th 
wth f- ) The pects 
tent er ee magnet and Nl a Leeeateet of pote strengths is increased 
the complete length, O84 The square of distance is 


aia increaced ta actor of & 


he temperature is deer, 

(c) ft n : eased, 79, ¢ 
al vibrations will be reduced, Goethe. fe) 
would be no negative effect on magnetic 


74. 


tion. 


ca Note that an increase in tem. 
peralure promotes “disorder”, 


(a) Note that ballistic kalvanometer shall 
help measure current impulses, Far megs. 
uring Magnetic moments ofbar magnets an} v- JB 
earth's magnetic field, we require vibration 
magnetometer. 

(a) Only the magnetic moment will be af. 


fected. 


IPB is quadrupled, then v is doubled. 
81. (a) When =0*, then t= 0. 


16. 


Ifyou do not disturb the cross. 
section of the magnet, then the 
number of current loops con. 
tributing to pole strength isnot 


Belen 

= 1 + 0.00754 = 1.00754 
Sincey, is only slightly greater than 1 there- 
= fore the matenal is paramagnetic. 

~~, 83. (a) Susceptibility of diamagneties is inde- 


q7. (d) T=2n i SS ypendent of temperature. 


Bismuth at low temperature is 


. 1 
Te 
Ww as an exceplion to the general 
By _T? 49x49 4 property mentioned in sol. 46. 
= ‘By 7? 245x245 1 


it. | Questions for Self Assessment 


3. (ce) Net current is (20-6 + 12-7+15)A 


‘ 1 
1 (B= > ee 
When r is increased by a factor of- 3, Bis Ce Jo me 1 a 
reduced by a factor of 3. 100" 10 
1 F 
Bea x 1087 =333x104T - ol 
30: q oe onr 


_ Ag 107 «3710 7 


2. (d)2T+ Bil= Mg 2zx1 
Mg - BI eT 
a iis is ; =74x104T 
=74yuT. 


fee ————_—_—_—_——_— 
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1 & ¢ 
fa) 
a 
Noakes = 
Clearly, the two 4 D : 


fieldsareequalin  y 
magnitude and 4 
opposite in dines: 


thon. 


Clearly, 


{e) Conside 
of thickness dr at a dis- 
tance r from the centre of 
the spiral 

Number of turns, 


Nog, b - log. al 


Ho NI ob 
* aib=a) Fa 


8 Time-saving solution | 
fa) 1s reyocted because it does nol con- 

tain “a” | 
(0) is rejected beéause it docs not con- | 
tain “6”, - | 


(d) is rejected because it is dimension- 
ally inaccurate. See |¥, 


Emporuum. Competitive Physics (Object 
. r 


10. 


IL. 


12, 


) 


(a) Magnetic 


due to tWo see 
a tions ng 
equal and oppos 


e. 


2 
(eo) Dave = 
1g = tt 
Bae = ‘ 
1 
But qv= 3 mu? 
Vv 
or ve 2aV 
m 
m [29V 
Bae 


In the given problem, q, V and B are con. 
stants. 


reJm or mex? 


ue 
m3 
(a) Bq= 
Inthe given problem, E, and B are constants, 
els 
q r , 
vm 
re 
or q 
yim, 
Now ar 
(a) 0=60° 
[Note that 0 is the angle between y andi.) 
F=Bgv sin 60° 
= 0.2 x 1.6.x 10x 108 8 
=2.77 x 10-4N 
G _ 80 Fa 
(c) = =4 
"12 ~ 20 
or G=48Q, 
80. S(e 12.0) 
Fig. 67 
(a) t=NBIA * 
= 100 x 0.2 x 2x 0.10 x 0.08 Nm 
=0.32Nm 


14. 


15. 


16. 


* Joop, B 


Flemin, 
apelying and 
that AD Moves OUL of the prey ule, 


(0) Magnetic field at the Cente due tg 
the , 


or By 
= EST 107 x2 193 
0.3%16x 19 —™ 


= 12.05 10) m= 12 mm 


(6) PP Bee ; 
= 2% 3.14 «1.67 x 16 
0.3x16x 1979 * 
= 21.85 x 1085, 
(c) Pitch | =u,T 
i =ucosOT 


= 4 x 108 x cos 60° x 21.85 x 10-8 m 
= 43.7 x 107 m = 43.7 mm, 


lg] r? - 
(a) B= Br + xe 
B Hel r? 
~ 2(r? +0057) 


Hol r’ 2 
= Br? 40.2292 


8 


Fig. 68 


Now, 16(7? + 0,057)? = 2(7 + 0.22)? 
167%(r? + 0.05%) = 24%(72 40.2%) 
2% g(r? + 0.05%) = 24477 4 0.2%) 
4r? +4 0.05% =r! + 0.2? 
or 3r2 = 0.2% - 4 x 0.05? 
a 2 004-001 * 
a 
or r?=0.01 m? 
or r=01m. 


18, 


19, 


20. 


ving solution 
In the miven problem, 
Wirt 6 512 2 conatant 
Pir? 60089) 212 eg gt 
or 4-005 =A. ot 


le) 


“Tox 107 ~} 
2100-12992 


0 PeggeB) > (ied) e1r? 
=107|v «0.006 AI 
oF O41 +03) = loi + vj) «0.008 & 
=-0.006 Yj + 0.004 vs 
Comparing. . 
0.004», =04 
or v, = 100 
and +0.00¢v, =0.3 
or” ¥, =. 108. 
‘ 0.003 
or vo, =-75 . 
So, the required velocity vector is 
-75i +100]. 
()  fB-dt pt 
or Bley,l 
or B= bol, 
1 
(a) Bxs 
When r is increased by a factor of 4, the 
magnetic field is reduced by a factor of 4.” 
B= ot T=001T 
L 
(a) Qar=L or r= 57 
1 
Area of semi-circle = > 1? 
1 ([E] v 
at,/E) eS 
2 (22 6x 
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Magnetic 


Since the two somi-circles are f 
lar therefore the ma 


pendicular. 
Net magnetic moment 
2071 
Sr 
Bu =2Tsin0 
Cis small, sin = 0 


23, (c) 


moment of each semi-circle * yr 
perpendicu- 
gnictic moments are per 


Fig. 69 
/ 
BU=2T0 or BI me 
> om 
or BI=> 
Bi Qer = am 
ul mer = or Troon 
- ge TH Bu 
a alee ice 
24, (a) Moe 7 ME + Mi + MJ 
Pag 
" Myo: = yMé M2 + M? 
_ M8 nr 
4 
25. (d) 
g 
=f a S-I,) _ 5{100-4) 
Ve, 4 
* 5 
7 «96 N= 1202. 
26. (a) bol fo 
2nr 
_4nx10°7 x 10 x2 
anxiox1o# ~2N 
=8x10N, 


came 


27. 


28. 


29, 


30. 


31. 


32. 


33, 


(a) Magnetic field duc to bigger coi] . 2 rn 
2 


21T 


Now, magnetic fields of 2 T and yp aro 
positely directed. So, net field is 1’, 


E 


(a) Bey 
600 ta 
3x10%m 2x10 mgt 
=10'T=01T 
Hol _ Hol 
(Dor Qar 
~ Hall. 1) _ Mol (x1) 
2r n) On 
(d) The magnetic fields due to both the cur. 


rents are along ‘~ Z-axis’, So, they add Up to 


give a net magnetic field along ‘- Z-axis’ 


() T= Bqu or r= a 


or r=37 or r= Bq 
fam qV 
Bq 
1 [amv * 
"=Blq 
hs 2x9x% x 12000 


/ 
23x V15 x 10-'m 


=0.3x V1.5 x 100m 


= 36.74 cm. 
. BI 
(c) (Apg)a?=Bla or h=—~ 
pee 
1 pol 
(a) B= 6 2r 
4nx 107 x9 
* 3 NA?to! 


© 12% 10x 107 
= 9.43 x 10° N AW! m7. 


live) 


L6 x 1079 me 


yy 


” 


9: 


36. 


gt 


38. 
39. 


40. 


wal . An 107 x 19 
1) Wun neh lot 
24x 10°T = 04 gauss 


pz $04? +037 yauss * 
2 (016+ 0.99 pause = 05 pangs 


(a The dire of the current js given by 
Jo hand rule. 


Now 


turns 


that tl i 
x. Then consider the turns per unit length 


r 
are to 
(e) The galvanomcter is said to be ‘ballistic? 
because the idea is that a sudden brief flow 
of charge through the coil sets the coil off 
into oscillating motion that should ideally 
be of constant amplitude. The charge must 

ass through in a pulse of short duration 
Pmpared with the time period of the coil, a 
a heavy coil is useful since it would have a 
large time period. With low electrical resist. 
ance, problems would arise in ‘search coil’ 
experiments where the tolal circuit resis\- 
ance was low, allowing induccd currents to 
be generated by the coil motion, so damping 
the oscillations. Damped oscillations would 
make the ‘first throw’ of the galvanometer 
difficult to measure. Refer to advanced text 
book for further delails. 
(e) Think of Newton's third law. 
(a) From the graph, we may write 

[el BT) = rm letxlm) + C 


where m = gradient of the linc 


1 


3-1 
C= interception on vertical axis = 2.0 
Hence,  /g(B/T) = —Sig(x/m) + 2.0 


= B= (10223) = 100x* or B is propor- 
‘tional to x“, : 

(e) The field at X, along the axis, will be pro- 
portional to the field at the centre of each of 
P and Q since the, coils arc of equal length 
and X is midways between them. Equate : 


AL 


42, 


43, 


44. 


367 


field due 
rin Pe 

My the conact Hes due to Q and solve ta 
) Current fensutivity C be, deflection per 


Unit current ix equal ta BAN where B = 
m: k 
fit Strength, A = coil area, N = 
slantar F turns, and & is the spring ean- 
erin the restoring eouple. With the sarc 
fae nt and the same spring strength, the 
strcncth ratin is equal to the ratio of 
deflection : 
“AN (0° tothat for ¥. Take Y's val- 
ues as deflection = 1,area 
el; = 1, tums = land 
then write down the X values, and hence the 


deflection 
AN for X to that for Y. 


value of 


(a) re 
By or 


a(3) 
m 
+ 2x10" 1 
or [Sr -_——_ 
4410? x5x10 "7 10™ 
=0.10 m. 
(ec) 
or 


(d) The Hall voltage V,, measured from the 
semiconductor due to the presence of amag- 
nitude field B is given by 
BL 
V_ eee 

Ne het 
where | is the current in the semiconductor. 

nis the number of charge carriers per 

unit volume. 

tis the thickness of the semiconduc- 

tor. 
7 cis the electron charge. . 
Rearranging the terms, we have 
Vunet 

1 

‘Thus, a variation of 2% inn due to tempera- 
ture changes will eventually lead to an un- 
certainty of 2% in the computed value for 5 
due to the variation of the measured values 
for Vy. Hence, the sensitivity of the device 
for measuring magnetic fields decreases 
by 2%. 


B= 
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4.x 6.4 x 101? 


a 


1. (a) The magnetic fi 
rents are in: 


51. (6) 


r . 
(c) Magnetic field at Ois the sum 
netic fields duc to semi-circle ang 
nite wire. 


the 
wont 


4 
G_B_ 
(c) yua4t 
5 
or G=16Q 
1 
5A 
1A ‘ 
S$, 42 
5A 
Fig. 71 
Again, combined resistance of 4 Q and 29 
4 Ss 
isza 
+ +(6)}-—- 
1A 
ire 4. 
37 
Fig. 72 
4 
Now, et 
I-z 16 
or x 4 1 
é I-x 48 12 
or l-x=12r 
or l=lar 
rs r 
or Sei 
x=33- 


ie 


L (a) Hol | : 
) Bs ‘ang !Sin 0, + sin 0,) 


“rp OF CURRENT A 


Pas MD Macurtiy 
u 
BT) 
HNO, © ein He 
Similarly, meee -$))> enn, 
F 
ca > * tos 9) 
- 62 1 wo t,t 
2x10 ¥ 20% 107 toy Jy? ey Bikar ec: 


2nx 2x 107% WAI r oe Spay 
dn x 107 x 10x30,10, 1972 


il (22 esta 
2n x 10x 1907 ° 


4x 1077 x 10x 10°? 8% (a) Dae to, the proton would exserieeee 4 
= Qn x 107 1100 ~ a9) Vertically downward force of rE. 
220 x 10-7 x 70 = 1400 x 19-7 : : 
21.4 « 104'N towards right + ®z 
(a) All points on AB are equidistant from 
the two wires. So, magnetic fields are equal Fig. 73 
and opposite. Thus, they cancel cu ‘ 


(c) ABand DE do not give any magnetic fielg 
at 0. OH++ @= 
Magnetic field at O duc to BC #2 . Ye 


=e 
Ibis directed ‘up’. Magnetic field at O due ta Fig. 74 


_ Hol For th ten to move undeflected, the 
EF dra 
It is also directed ‘up’. 
Hol 
%, B=o7- 


Hol a 
AB = Gar cos (2 Sin 8) 
Hol 
or Bap= 95, tan0 
Magnetic field duc to circular portion, 
Hol 2x-20 _ pol 


Bas’ = oe on 7 ae RO) 
Total magnetic field P 
= Hol Hol 
5 tan d+ ‘On (x-0) 


I . 
=5% ftan0+ 5-0. 
mu 


= et 
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Emporiui: Competitive Physicg (0 
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) 


370 A 
16. (b) t= MB sin 0 


slinder. 
nside the a olds due to tand B are constants. 
ular wire, 


and 


2167. (a) No field wv 
68. (c) Think in terms of magn : 
() semi-infinite wire (18) semue-cire im 
Also, the magnele fields duc to strain : 
semi-circular portions are perpendicu! iv ex 
( tof the line joining 


Now, V3 sins 1 sin (90° ~ 9) 


1 
tan 0 = GB orO=30", * 


tothe mid-poin siecle’ A f 
A a mica. Asweeomedscts TO) Pir sete meen OS 1 
rs virekthe snagmtude of inereases. The ia high. 88 fop Nel 
direction of magnetic fields on opposite sides 1 WF, By av : 
of a wire will be apposite, Again. Bett 20,15 «1.6 10" x3 x 19s ah 
rye. 27.2% 10" N, : 
Hol aces . 
7 y= — ——__ 
70. (a) B= Go; s® In Q.77, note that By would no, . 
l= Br i exert any force on the protons 
Wolyt.t - secs , 
hh 26 78, (c) The two magnetic inductions arg ing}. 2. 


at 60°. 


71. (d) tu) 2M (b) zero Lilie Saif 
te) sera a) BM. . N,B, Land A are constants, 
72 (a) ; sin 03 
73. (b) cos U« O4 
74, (d) Point is on the axial line of M sin 2. 3 
tan 0= 7 


BE 


- 5 
44 b 
‘s 
S 
= 
{u) (b) sind =i 
Fig. 76 , ‘ 
’ Fig. 78 Fig. 79 
2Msind Hi . 
a from Eq. (1), 83. 
Pointis on the equatorial ie—— 
line of M cos 2. NIA sin 0 
_ Moos ‘ pe — 3x5 
ame ¢ Toons 2x 107 xa” 
Now, tan5=~, 20ers 
Fa Moos, ugh _ 4nx 1077 x18 
or 4 80. = bo - ee te 
Fig. 77 Bea = oaxog T= HH 
Mosk R? 
tan b= 7x 1 
Ro 2Msind Now, T=2n J — 
1 : MBy 
or tand= > or tank= > tand 
- . and T=2n itm mn 


epreCT OF CURRENT AND Mag 
MACS 


22x 0.182025, 8 


N 
rt 
s 
(b) i 
. N s 


Fig. 80 
vet MB 
(a) anVoy 


ved [MGs or 
Qn 1 

yee ce IMB = BD 
Qn i] 


(“J _ By th 
v By 


14x14 _ Bye B 
10x10 By 


or 1.96 By =By+B or 0968,=B 


ay? 
wy Uy-B 
now (5) 


v 
5 (FP _ By -096 By 
F 100 Bi 
or WW=4 or v=? 
tan 
(ec) tan, = —— or cosi= tant 
cos tt : tan 0; 
A 
land 
Again, ta =—_ 
gain, tan 0, = 790-0) 
7 n 
or sinu= 2) 
@ 
ny gives 
si tan 0; 
ser 


[3 
ae By coo 1 f= M 
{i - tT 
T YOu T Vrp 2 (6) 2s 


BY] 


Dividing, 2 
1 


85. (c) da _2Mx10 


‘by _2M x20 
5), 9 
By io? 04? 20 


125 _ (207-7)? 
10 207 - FF 


Fa 5 OF 
ao 7? 
52fmF 
"Tole 500-57 = 400-2 


or 100 = 4f4or/?= “2? a5 or [=5em 
Length = 2 = 10 em. 


—— —________— 
"& Note that there isnoneedtocon- | 


vert cm into m 


24x 10° 
86. (a) B= vb mm“? = 1.2 Wb m? 
(a daxie? Wem t= 12 Wom 
B_ Ww 
HTT Jpop = 75x OANA? 
ee Ld a 
Be azxlo? 


Now x=y,-1=5966~1=595.6. 
87. (b) Steel or an alloy Alnico (Al + Ni + Co) is 

used for making permanent magnets. Hys- 

teresis loss is high. Moreover, coercivity is 

high and retentivity is low. 

Soft iron is used for electrumagnets. Reten- 

tivity is high. Coercivity is low. 
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fA, (a) All the magnetic moment vectors can he 


Le 


represented bath in magnitude and direetion 
by the three rides of a triangle taken in the 


tame order 
fe)re (me 2 in 
«4h 2h 104 ONS nin Oe Nm 


e09Nm 
Fe Bilsint 
F 


* Tino 
Unit of B is NA“! m"!, 


(a) Drawing loops from magnetic’ N pole 
towards S, onc finds that only OA 
somewhere the loop direction falls along 
earth's NS line and opposed to it in direction 


Emporium: Competitive Phy sicn (On 
Yectiyg 
) 


(a) 


re MBnin 0 or pinde 
Mi 


107 
50x 40» 10 9% oF Om age 


Campane necdle ts free to py, 
tate in a hortzontal ptan, | 
and points along the may. 
netic meridian, 

When the compass needle la 
.pointing along the geo. 
graphical meridian, it expe. | 


riences a lorque due to the 
horizontal component of 
earth's magnetic field. 

The angle between the 
geographic and Magnetic | 
meridians is called angle of 
declination. 2 


y, Magn 
‘according to Faraday’s laws of electromag. 


etic flux, >= B.A, 


wotic induction, whenever there is a 
change of magnetic flux, an induced emf 
% produced. The magnitude Of this induced 
fant iS proportional to the time rate of 
change of magnetic flux. 

According tu Lenz's law, the direction of 


" induced emfis such as to oppose the cause 


ofits production. 
When a conductor of length / moves with 


* velocity v in a direction perpendicular to 


both length and magnetic field, then in- 
duced emf, E = Blu. : 


. When a coil is rotating ina magnetic ficld, 


E = E, sin wt, Here E, = NBAw. 


;. Eddy currents produce heating effect and 


cause electromagnetic damping. 
When current I flows through acoil of self- 
inductance L, then $= LI. 


.. The sclf-inductance of a plane coil is 


HignN2r 4 
“gr 


. The self-inductance of a solenoid is 


pe BONA 


) Energy associated with selfinductance, 


1 
==LP 
9 LP 
373 


ch 


15. 


16. 


17. 


9= MI xh : 
a ae ae Mis mutual inductance of 


Mutual inductance of two plane coils is 
N,N, 
ae 


Up 


|. The equation for the growth of current in 


tRertis:1=,(1-<F) 

‘The equation for thé decay of current in 

LReireitis: 1= on 

The cquation for the growth of charge in 

CReircuit is:Q=Q, (1-<% } 

Tn the case of discharging bbespactar in 
CR circuit, Q=Q, oo, 


Root mean square value of alternating 


current is + 


. In the case of purely resistive circuit, both 


the current and emfare in the same phase. 


). In the case of purely inductive circuit, the 


emf leads the current by a phase angle 


of > 
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a) 


20. In the caxe of purely capacitive cireuit, the 


21, 


current Ieads the emf by a phase angle 


n 
of 2 
In the case of LCR circuit, the phase an- 
gle in given by = 


1 
lo -— 
Co. 


tang= It 


22, Power in LCR circuit # E, 1, con 9. 


23. Resonance frequency, vs aie. 
2nVLC' 


Emporium: Competitive Phyniog (Of 
en ectiy, 
It 


24, Motor delivers maximum powg 
back emf ia equal to half of hte tho 
omt. ®DPlleg 
25. In the case of transformer, 


pg Selected Multiple Choice Quest 
ions 


3 


5, 


“| JAGNETIC INDUCT 
pCTROM: 108 AND Ay 
TERN Ary 


| 


Choose the correct answ, 
ing questions; 


When a magnet falls throu, 
acceleration throuyh the 

ing the free fallin, 

(a) lous than g throughout ity fall 


(h) tone than g when it in a 
moro than y when it ix 


igh a metal ring, 
metal ring dur. 


I; -. 
baw hee ond 
(e) more than 4 throughout its fall 
(d) moro than g when it is ae 

loas than g when it in rai lag an 
Inan A.C, circuit, the inst 
rent through and, voltage ee 
tor ar¢ represented as 1 =I, sin (wt + rs) 
and V = Vj sin (wt - 7/8) respectively. The 
current leads the voltage by : 
(a) 4 (b) 38 
(c) v2 (d) 1B, 
Ascries LCR-circuit ix tuned to resonance, 
The impedance of the circuit is then 
(a) [R? + (aL = 1ncye] 
(b) [(R? + (aL)? + (Afwey4% 
(c) [R? + Wh = (wo )4)!2 
(a) R. 
A transformer having 2100 turns in the 
primary and 4200 turns in the secondary 
has an AC source of 120 V, 10.A connected 
to its primary. Then the secondary volt- 
age and current are 
(a) 240 Vand 5A 
{c) 240 Vand 10A 
(d) 120 V and 20 A respectively. 
An aeroplane with wing span of50 mflics 
at 540 km per hour. The component of 
earth's magnetic ficld perpendicular to the 
velocity of the plane is 0.2 x 10“ weber. 
The potential difference between the wing 
tips in 
(a) 16.V (b) 1500 V 
()0.15V (d) 150. 


In LCR circuit, phase difference betweon 
voltage and current cannot 
(a) 80° (6) 90° 


is anor 


(b) 120 Vand 10A 


er from th 
* four atternatices Elven in each of the follow- 


7 arte Circuit, in the state of resonance, 
“which of the following statements is eor- 
tect? cog ge 
ta)0 
‘wt 


8. In the following circuit, in state of reso- 


Rance, which of the following statements 
is correet ? 


Fig. 1 


(a) Power factor is @ 
(6) Minimum current flows in circuit 


(c) Maximum current flows in the circuit 
(d) Value of 1 depends on the values of L, C, 
and R 


9 If V is applied voltage, E, is emf drop 
across the armature, the armature current 


1, of dic. motor is given by 
(a) (V+ E.YR, (WER, 
(c)(V- EVR, (a) VR, 


10. An L-C-R series circuit consists of R = 25 
Qand the reactances of Cand Lare 122 
and 24 Q respectively. The impedance of 


the circuit is 
(a)21Q (6) 27.72 
(13.9 (d) 52. 
1. InanLCReircuit, Impedance is minimum 
when 
(a) R=X, (b) R= Xe 
()RaXe +X, (d)ReZ 


12. Ina pure inductor circuit, what is the 
” angle between voltage and current ? 


(a) 0 (b) x 
ry $ (d) 2n. 
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13. Inatransformer, thereare twocuils placed 
near one another. First has 100 turns and 
1 A current and the other 25 turns, Cur 
rent flowing through it will be 
(a) A (b)4A 
(ce) IGA (2) 16 A. 

14. An AC ammeter reads the current of I 
ampere. What is peak value of current 2 


(e) Us? (b) 21 
(ec) V2 (d) 21. 
15. The resonant frequency is proportional to 
(c) RLC (b) WLC) 
te) (0) (d) None of these. 


16.” IfL = 100 pH, current changes by 1 A in 
0.1 second. What is the emf produced ? 


(a) 1 mV {b) 100 mV 
(c) 10 mV (d) 0.1 V. 

17. Power factor in LC oscillations is 
(a)0 (b)1 
() V4 (a) 2. 


18. 220 V is changed to 22,000 V through a 
step-up transformer. The current in pri- 
mary is 5 A. What is the current in the 


secondary ? 
(a) 5A (b)50A 
_ ©)0.05A (d) 500 A. 
19. Lenz's law applies to 
(a) electrostatics (b) lenses 


(c) electromagnetic induction 
(d) cinema slides. 
20. Lenz's Jaw is based upon . 
(a) energy 
(c) angular momentum 
{d) inertial, 


(6) momentum 


21. 


The ratio of secondary to Primary turns is 
9:4. If power input is P, what will be the 
ratio of power output (neglect all losses) 
to power input? . 
(a)4i9° * (0)9:4 


Smiporiunt Competitive Physics (Objective) 


22, Acapacitor in an ideal LC circuit is fully 
charged by a D.C. source. Then it is dig, 
connected from D.C. source. The curren, 
in the circuit 
{a) becomes zero instantancously 
(b) grows monotonically 
(c) decays monotonically 
(d) oscillates infinitely. 

23. Find out the emf produced when the cup. 

- rent changes from 0 A tol A in 10g, 
Given: L = 10 pH : 
(a) lV (b)1 nV 
(c) 1 mV (d)1V. 

24, If the voltage drops from 220V to gay, 
current in the primary coil is : (Given ; 
impedance of secondary coil is 220 Q) 


G@)O1A : (1A 
(c) OA (d) 0,01 A. 
25. Inascries LCR circuit, resonant frequency 
depends on 
(a) U/C +» (&) VLC 
(@) VLC (a) JLC. 


26. An AC with 50 Hz frequency is flowing 
through the primary. The ratio of turns of 
primary and secondary coils is 2: 1. What 
will be the frequency of AC in the second; 


ary coil ? 
(a) 50 Hz (b) 100 Hz 
(c) 25 Hz (d) None of these. 


27, Atresonance, which ammeter reads zero? 


Fig.2 
(a) A, (6) Ay 
(c) Ay 
() All three A,, A, and A,, 


Inan LCReircuj 
nance frequency w an; 


28. 


te 
d impedance ej,” 


2A p 
ff) 
i w 
(a) 6) " 
2A 
A 4 
w 
(* @ ° 


Fig. 3 


29. 100°V is applied across a DC motor, 5 a 
current is flowing through the motor. The 
circuit‘has an efficiency of 75%, What is 
the armature resistance ? 

(a) 252 (c)5Q 
(102 (d) 209, 

30, A0.1m long conductor carrying a current 
of 50 Ais perpendicular toa magneticfield 
of 1.25 mT. The mechanical power re- 
quired to move the conductor with a speed 


of lms“is ( 
(a) 6.25 mW (676.25 W 
(c) 0.625 W (d) 1 W, 


31, A thin ring of radius r carries a uniformly 
distributed charge. The ring rotates at a 
constant angular speed of n revolutions 
per second about an axis passing through 
centre and perpendicular to plane. IfB be 
the magnetic field induction at the cen- 
tre, then the charge carried by the ring is 


(a) — ) Hon 
oon OB 
(¢) ny (a) 2B. 


32. Two inductors L, and L, are placed at suf- 
ficient distance from each other. If they 
are joined in parallel, then the equivalent 
inductance is 


(a) Ly + Ly woe 
(LL, (d)L,-L,.- 


& 


34 COD peF ring ig 
turpended by a 


thread in a ver. 

Heal Blane. T 5 r | 
north pele of a e) 
mag. is 

brought near 
Bering in honzontal direction as shown 
hi "8. 4. What will be effeet on the ring? 
1a) Ring wil be attracted torwards the magnet 
(8) Ring will be teyelled away 

(e) Ring will maze simple harmonic motion 
') No change in thy position of ring. 

WU. What voltage is developed across the axle 
of the wheels of a train? Given: speed of 
train = 72 km h-}, the horizontal 
Component of earth's magnetic field = 0.40 
*10T, angle of dip = 20°, length of axle 
=15m 
(a) 22X04 x15 x10 

3 


(V3 «2004x5104 

(o 

(0.4 x 1042 72x 0.1 V, 

Accil ofarea 5 em? and having 20 tumnsis ° 
Placed in a uniform magnetic field of 
10 Gauss. The normal to the plane of the 
coil makes an angle of 60° with the mag- 
Netic field. The flux in maxwell through 


Fig. 4 


vole 


the coil is 
(a) 108 (b)5 « 10¢ 
()2x 10 (d)5 x 10°. 


36. Fig. 5 shows two bulbs B, and B,, resistor 
Randan inductor L. When the switch Sis 
turned off, 


Fig. 5 
(a) both B, and B,die out promptly 
(6) both B, and B, die out with some delay 


: el 
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37. 


38. 


tel 


1s, with rome delay 


(e) Dy dicsout promptly but 
Ty, with come delay, 


(d) B, dies out promptly but 
An electron mo- 

ves along the line 

AB, which lies in 

the same plane 

as acircular loop ——»———>—, 
of conducting * 

wire as shown in 
the diogram. | 
What will be the direction of current in- 
duced if any, in the loop ? 

(a) No current will be induced 

(b) The current will Le clockwise 


(c) The current will be anticlockwise 
jon as the 


Fig.6 . 


{d) The current will change direct 
electron pass by. 

‘A flexible wire bent in the form of a circle 
is placed in a uniform magnetic field per- 
pendicular to the plane of the coil. The ra- 
dius of the coil changes as shown in Fig. 7. 
The graph [Fig. 8] of magnitude ofinduced 
emf in the coil is represented by 


y 


x 
‘—> 
lel 
ee x ° 1 
‘ : 2. « 
® o 
Fig. 8 


Emporuine Compete EMYEICS (Objectiy ) 
¢ 


39. Aconducting square loop of side Landy 
sistance & moves in its plane with curr 
form velocity U perpendicular to one efi, 
sides. A magnetic induction B conatant j 
time and space, pointing perpendiculy 
and into the plane of the loop exists oi ir 

¢. The current induced in theloop i, 


rywher' 
Pa ee ee | 
Po 
eise xxx 
+> oo 
ae we x 
ae ee ee a 


Fig. 9 


+ Bl 
ta) BE clockwise (8) = anticlckwine 


© oie anticlockwise (d) zero. 


40. XandYare solenoids wound on cardboard - 

tubes. X carrics a constant current J as, 
shown below and moves with constant 
speed away from Y along the common axis 
of the two tubes. 
As a result of electromagnetic induction, 
acurrent will flow in the straight wire MN 
and there will be a force between X and Y, 
Which one of the following correctly de- 
scribes both the current and the foree ? 


x 


Fig. 10 


MAGNETS 


current in straight wire MN he 
forre 


aT. | 


De See Re 
fe) iM, 
‘ eo ATI Ware 
dal 
Nature and direction of Nature ¢ 379 


: ings 
(a) diminishing NwoM attraction 


nishing. MtoN 


(p) dim repulez 
revdiminishing, N to M oa 
cdyeonstant, MtoN : sa 

onstant, N to M Spusion 
(e) ¢ AtLraction, 


copper ring is suspended by a long |: 

rod pivoted at X so that it may mies 
ndulum, as shown in the dissent: 

low. An electromagnet is mounted sothat 

the ring passes over it as it swings, 

the ringis set into oscillation with Switch 

Kopen. What happens to the motion after 

switch K has been closed ? 

(a) The periodic time will decrease, 

(p) The amplitude will increase because th 
ring is accelerated towards the magnet, . 

(c) The ring will be brought to rest with the 
rod inclined to the vertical, 


4i 


Electromagnet 


Fig. 11 


(d) The oscillation will continue at constant 
amplitude while the battery can supply 
energy 

(c) The oscillation will be heavily damped. 

The diagram represents an aircraft of 

length J, wingspan x, flying horizontally 

at speed v in a region where the Earth's 

magnetic field, of uniform flux density B, 

is inclined at an angle 0 to the Earth's 

surface. 


42. 


Fig 12 
phic expression gives the magnitude of 
emf generated between the wingtips 
by electromagnetic induction ? 
(a) Blo sing () Bry 
(c) Blo (d) Bre sin 0. 


43. InFig. 13 a)and Fig. 13 (6), two aiz-cored 


oo Pand Qhavebeen shown. They 


Fig. 13 


placed near each other. In Fig. 13 (a), when 
I, the current in P, changes at the rate of 
5 As" an emf of 2 mV is induced in Q. 
The current in P is then switched off, and 
acurrent changing at 2 As“ is fed through 
Qas shown in diagram. What emf will be 
induced in P? 


(a)8x 10° V (b)2x10°V 
(5x 10"-V (d)8x 107V 
fe) 8 x 10 V. 


44. The north pole of a bar magnet is moved 
swiflly downward towards a closed coil and 
then second time it is raised upwards 
slowly. The magnitude and direction of the 
induced currents in the two cases will be 


of 
Second case 


higher value 
anti-clockwise 


First case 
(a) low value 
clockwise 


a 
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(b) low value equal value 


clockwise anti-clockwise 


te) higher valuc low value 


clockwise clockwise 
(d) higher valuc low value 
anti-clockwie clockwise 


45. A conducting rod PQ move parallel to x- 
axis ina uniform magnetic field, pointing 
in the negative =-direction. The end P of 


the rod gets 


Fig. 14 
(a) positively charged ; 
(b) negatively charged (c) neutral 
(d) first positively charged and then negatively 
charged. 7 
46. As shown in the figure, a magnet is moved 
with a fast speed-towards a coil at rest. 
Due to this, induced electromotive force, 
induced current and induced charge in the 
coil are E, land Q respectively. Ifthe specd 


of magnet is doubled, the incorrect state- 
ment is 


So. 


Galvanometer 
Fig. 15 
(a) Eincreascs (6) lincreases - 
(c)Q remains the same (d) Q increases. 
47, Which of the following statements is 
correct 7 
(aA Seeley ring is rotated about its own axis 
in a uniform magnet; ii 
induced init gnetic field, No emf is 


Emporium: Competitive Physics (Ob jeer, 
6 


(b) Acireularrt zis rotated AbOUL ite own 
ina non-uniform magnetic Firld. Ay iat 


induced init 


(c) A circular ring is rotated about one of 
dinmeter in a uniform mngnotic fold wt 
induction of the magnetic field ig incre nd, 
ing at aconstant rate. emf, induced in ay. 
ring may be equal to zero for an cleme, 0 
time interval tal 

(d) None of these. 

48. A rectangular coil ABCD is rotateg iat 
clockwise with a uniform angular yo} Ne 
about the axis shown in the figure, 
axis of rotation af the.coil as well as tp 
magnetic field B are horizontal, The in. 

é duced emf in the coil would be Minimy : 
when the plane of the coil 


locity 
Ly 


Fig, 16 


(a) is horizontal 


(6) makes an angle of 45° with the direction of 
magnetic field . 


(c)is at right angle to the magnetic field . 


(d) makes an angle of 30° with the magnetic 
field. . 


49. The power factor in an AC series L-R cir- 
cuit is 


(a) YR? + Lu? 


()R YR? + L?w? 


(6) LR 


a) Rf JR??? 


"60. A resonant AC circuit contains a capaci- 


tor of capacitance 10-6 farad and an 
inductor of inductance 104 henry. Then 
the frequency of electrical oscillations is 

(2) 105 Hz * (6) 10 Hz 


10° 10 
(0) 5 He (d) 5 He. 


d 


nlteraating 
one connected toa 
capacitor anda 
resistor Which of 
the following 

hasor dingrams 
correctly de- 
scribes the phase 
relationship between I, the current be. 


tween the source and the capacitnr, and 
Ip the current in the resistor? 


Fig.17 


It, 
lc > Ie In fe 
ae ; 

(a) 2) (cr) 
: k 
, 
Pale i 
le 
@ : : (c) 
Fig. 18 . 


52. Which of the following plots may repre- 
sent the reactance of a scries LC comhi- 
nation ? é : 


Reactance > 


Frequency 


Iv 
Fig. 19 
(a1 wl 
() HI (av. 


53. When an ac supply of 240 V rms is 
connected to the terminals PQ in the 
circuit shown in Fig. 20, the fuse F breaks 
the circuit if the current just exceed 13 A 
rms. When the ac supply is replaced with 


91209 de siren 
Of Identical fan 
berabstheeircuit 


F 
‘Seneca | 
the current just Sc 
Otened, 
14 


(a) > 5 
2 a Fig. 20 
WTA 
wt 
kha (di (WE A, 
(26 A. 
WH. Ageneray 


tor previ 
= V, sin xt, the amplitude V, 18 directly 
Proportional to/. When the output termi- 
nals are connected tn a resister and the 
frequency is vaned, the amplitude c* the 
current is 


(a) inversely proportional to f? 
(6) inverzely proportional ta f 
(cl independent of f 


(e) proportional ta f#. 


(a) proportional tof 
55. A steady current I dissipates a certain 
Power in a variable resistor. The resist- 
ance has to be halved to obtain the same 
Power when a sinusoidal alternating cur- 
Tent is used. What is the rms valuc of the 
alternating current? 


wet by S21 
tc) {v21 (d)2 
(OL 

56. Asinusoidal currentis represented by 
equation ; 


T=1, sin (02) 
Which equation represents the sinusoidal 
current with both its frequency and am- 


plitude doubled ? 
(a) 21 = Iysin (202) (6) 1= I, sin (20) 
(e) T= 2gsin (202) (d) T= Tp sin (] 08) 


(e) 1= 21, sin (08). 


a 
ad 


An AC supply is connected to a resistor. 
When the peak value of the emf of the 
supply is V, and the frequency is f the 
mean power dissipated in the r¢ rte 
P. The supply frequency is then ch 
to 2f, the peak valuc of the emf remaining 
as V). What is now the mean power In the 
resistor ? 
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82 
a? (ASD 
(e) 2P (agar 

68. The power dissipated in a resistor is the t 
same fora constant potential difference V Xe 


as for n sinusoidal potential difference 
with peak value Vo. Which of the follow. 
ing is the correct relationship between V 


and V,? 
(a) V,=V2 (0) V,= v2 V a 
(Vy = VAD (d)Vy=2V 

(Ve. 


59. Two sinusoidal voltages of the same fre- 
quency are shown in Fig. 21. 


62. 


Fig. 21 


What is the frequency, and the'phase relation- 
ship between the voltages ? 


63, 


frequency! Hz phase lead of N 
over Mlrad 

(a) 04 -= 
™ 

b 2, -= 
) 5 - 
n 

( 2, & 
a) 5 “3 
(d) 25 <= 
4 

(e) 25 pa 
4 


60. Which of the following curves correctly 
represents (he variation of capacitive re- 


actance (X,) with frequency /'? 


Xe 
—_— '—»> 
© (a) 
Fig. 22 


A sinusoidal alternating current Of po, 

value I, passes through a heater etree 
ance R. What is the mean power output 
the heater ? “ 


2) 2, 
(a) wR 0) wR 
() IR (d) V2 Ig? 
(c) 21,2 R. 


Power factor is one for 
(a) pure resistor (b) pure inductor 

(c) pure capacitor , 

(d) cither an inductor or a capacitor, 

An inductor L, a capacitor C and amme- 
ters A,, A, and A; are connected to an og. 
cillator in the circuit as shown in Fig, 93, 
When the frequency of the oscillator is in. 
creased, then at resonant frequency, the 
ammeter reading is zero in the case of 


Fig. 23 


(a) Ammeter A, (6) Ammeter A, 


(c) Ammeter Ay 
(d) all the three ammeters. 

The armature current in a DC motor is 
maximum when the motor has 

(a) picked up maximum speed 

(b) just started 

(c) intermediate speed 

(d) just been switched off. 


Vy own transformer is emp) 
: ger ire main supply of 209 y bat 


draws 5A of current and ik 
le 


c 
# tim 
ne PO draws 90 A. The ellicioney or 


64, 


99” (d) 40%, 


ing 750 revolut; 
3 making Utions po 
& tol Phe frequency Of AC produced ie 


(d) 50 He. 


5 He : od 
ae” 4 Prediite 3 
(e ‘function of a mains transformer jg 1, Pa oily, Snirm raial Gein the twa 


s> 


¢ conver act voltage to another direct volt, 
(a) orgifferent magnitude, ee 
i eal rating voltage to another altemar. 
on voltage of different magnitude transfy, 
ing, value alternating voltage to alow 14 4 


igh 
. ae direct voltage 


from 
© primary of the 


O)01A 
(2) 0.001 4. 
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ay] Questions for Self Assessment 


Indicate the corrvet choice among the followings 


The inner loop 
has an area of 5 x 
10° m? and a 
resistance of 2 
The 
circular loop is 
fixed and has a 
radius of 0.1 m. 
Both the loops are concentric and 
coplanar. The § naller loop is rotated with 
an angular velocity of w rad s- about its 
diameter. The flux linked with thesmaller 
loop is 

(ads 10% weber 

fed « 10°" cos wt weber 


larger 


Fig. 24 


(b) 10" weber 
(i) zero. 

A circuit ABCD is held perpendicular to 
uniform magnetic field of B = 5x10? T 
extending over the region PQRS and di- 
rected into the plane of the paper. The cir- 


“cuit is pulled out of the field at a uniform 
speed of 0.2 m s-) for 15 5, During this 
time, the current in the 5 Q resistor is 


Fig. 25 


(210.6 mA from 15 toC (b) 0.9 mA from BtoC 
1c) 0.9 mA from C to B (d)0.6 mA fron C to B. 
Two different coils have self-iaductances 
L,=8 ml and L, = 2 mH. The current in 
one coil is increased at a constant rate, 
The current in the second coil is also in- 
creascd at the same constant rate. At a 
certain instant of time, the power given to 
the two coils is the same. At. that time, 


. the current, the induced voltage and the 


Emponume: Competitive Physi 
Ale 


options (a), (b), (ce) ang 


energy stored in the fire. 

and W, respectively, re coll ny 
values for the second coj} 
W,, at the samo instant 
Now, ‘ 


COrros, 
Ore | 


6. A rod PQ is connected to the 
plates. The rod is placed ina ma, 
(B) directed downward Perpendj 
the plane of the paper. Ifthe ros ina’ 
out of magnetic field with Velocity 7 as 
shown in Fig. 26. 


CaP Acito, 


* Boe wk ew ge 


x xpK x x wy 


ae On ew x 


Fig. 26 , 
(a) plate M will be positively charged 
(6) plate N will be positively charged 
(c) both plates will be similarly charged 
(d) no charge will be collected on plates. 
7. An electric current I is passed through a 
circular loop of folded copper wire as 


ae 
"esr 


BNctic fiely , 


ai TI INDUCTION ASD Ary 


nif Fig. 27. The 
how! ‘tic induction at 


noe ure of the Toop 
c c 


or ie tarp : 
bp of 100 Ww is connceted jn Paralte 
bull ideal inductance of } Wthae! 


with an i mnected t 
ment is co! ed Loagoy battery 
aswitch. On Pressing theswiteh 


= 


rang 
th rough 


tH lb does not KIO" —” G6) bulb pany 
tal pull elows after a short Lime and then en, 
(e tinues !0 plow 
pulb glows for a short time and then 
glowing. : 

Fig. 28 shows a short coil wound aver the 
. middle part ofa long solenoid, 


id) saps 


Coil 


cacy ~ 


The solenoid current | is 
varied with time é as 
shown in Fig. 29, As a 
consequence, Lhe flux 
density of the magnetic 
fieldductothesolenoid ; 
varies with time. The 
relation between B and 
lis B = pignl. 

Which graph shows how the emf E induced 
in the short coil varies, with time ? 


| ] 
0 t 
@ ' ° w 


Fig. 29 


1 


fe) 
Fig ag 


of radius 
C ts placed at thi 
‘entre of lange cout of radius R, where x 


¢ LO coils are soot: 
fecal inn re Soplanar. The mu- 
oe between the coils 15 pro 


(beam 
(deme, 


Ata place, the value of horizontal compo- 

Rent of the carth’s Magnetic field His 2 x 
0 weber? A metallic rod AB oflength 

2mplaced in East-West direction, ha ving 

the end A towards east, falls vertically 

downward with a constant veloaty of 50 
ms. Which end of the red becomes posi- 
tively-changed and what is the value of in- 
duced Potential difference between thetwo 
nds? 

fa) End A, x 10 miltivolt 

(b} End A,3 millivelt 

(elond D. 4 « 107 milivntt 

(d) End B,2 millivole 


A square metal wire loop of side 10 em and 
resistance 1 {2 is moved with constant 
velocity vy ina uniform magnetic field of 
induction B = 2 Wb m3, as shown in 
Fig. 31. The magnetic field Innes are 
perpendicular to the plane of loop and 
directed into the paper. The loop is 
connected to network of resistors, each of 
value 3 $2, The resistance of lead wires is 


fora 
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negligible. The speed of loop so as to have 
a steady current of 1 mA in the loop is 


Fig. 31 
(a)2ms" (b)2ems" 
(c)10ms"t (d)20 mst. 
BoA mutual 
inductor con- 
sists of two coils 
X and Y as x Y 
i i 2 
shown in Fig. 32 Fig. 32 


14. 


in which one 
quarter of the magnetic flux produced by 
X links with Y, giving a mutual induct- 
ance M. 

What will be the mutual inductance when 
Y is used as the primary ? 


(a) W4 (b) M72 * 
{c) M (d) 2M 
(e) 4M. 


Aconducting wire xy of length / and mass 

m is sliding without friction on vertical 

conducting rails ab and cd as shown in 
* Fig. 33. 


Fig. 33 
Auniform magnetic field B exists perpen- 


diettlar to the plane of the rails. xy moves 
with a constant velocity of 
mgR mR 
(a) a or 
meR mgR 
(c) BaF (d) Ty 


Emporium: Competitive Physica (Objeey 
al] 


. Consider tho situation shown jn 
16 Tho wire AD is slid on fixed rale 2 
constant velocity. If the wire thy 
placed by semi-circular wire, the ea nh 
tude of induced emf will ri. 


Fig. 34 
(a) increase (b) decrease 
(c) remain the same 4 
i r decrease dependi: 
(d) increase o ending on Wheth 


the semi-circle bulges towards the re. 
ance or away from it, resin, 


16. Adcelectric motor that hasa Permane, 


magnet as its field magnet is joined is 
battery of constant emf and negligible in 
ternal resistance. When the motor is 

to drive various loads, the correspondi, 
values of its speed of rotation w ang the 
current I passing through it are 

Which one of the following graphs Mort 
nearly shows how I varies with w? 


0 t) 0! i: 
7) #5 wy 8 ©. 
In I : 

Ps 4% Ss 
0 © 0 - o 
(d) (e) - 


Fig. 35 


17. A long solenoid of length L, cross section 


A having N, turns has wound’ about its 
centre a small coil of N, turns as shownin 
Fig. 36. Then the mutual inductance of 
two circuits is 


Fig. 36 7] a tT 
a 


MN) 
(a) wont toy AeA wi 
. + 


(owANNL =) ke 


An aluminium ring hangs Vertically from 


2. 
The Mammetic flux 9 through a enil varies 
with time tas shown in Fig. 39, 


18: thread with its axis pointing castewest, % 

Acoil is fixed near to the ring and coaxial 

with it. 

\ t 
—| thread 
N 
/ Pig. 39 
common | --E).-we— E Which graph best represents the variation 
oi 5 4 with tof the emf E induced in the coil ? 
coil ring 
s 


Fig. 37 


What is the initial motion of the alu- 
minium ring when the current in the coil (a) rt) 
isswitched on? . Es Ea 

(a) remains at rest (6) moves towards S 
(c) moves towards W (d) moves towards N 
(ec) moves towards E. : 

19. A magnetic field is applied perpendicular rey . ey 

to the plane of a flat coil of copper wire. - E. 

The time variation of the magnetic flux 

density is given by By sin (2n/T), as shown , 
graphically below. 


(3) 


Fig. 40 
21. Acondueting wire of mass m slides down 
two smooth conducting bars, set at anan- 
gle 8to the horizontal as shown in Fig. 41. 
The separation between the bars is equal 
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TAS 
fod The system is bo 
cated ino untform 
magnetic field of in 
duction By perpen: 
dicular to the plane of 
+ the shding wire and 
bars. The velocity of 
the wire is : Fig.a 
oy ER tay MENG 
B we 
ter i) me Rain a 
wt 
20 


22. A short bar magnet passes at a steady 
speed right through a longsolenoid, A gal- 
vanometer is connected across the sole- 


noid. 


malty 


Fig. 42 
Which graph best represents the varintion 
of the galvanometer deflection 0 with 
times? 


0 a 
\ t 
i 
(a) (b) (2) 
0 “ 
(dy (e) 
Fig. 43 


. 4 small square loop of wire of side J is 


placed inside a large square loop of wire 
of side L(L >> 2). The loops are coplanar 
and theircentres coincide. The mutual-in- 
iuetance of the system is proportional to 


26. 


Emporium: Competitive Physics (Objective) 


(by Pn" 
(d) VN. 


(a) IA. 

(ed 

The shown circuit 
hos a resise 
tnneceless choke 
coil Land a resist: 
ance KR. The 
voltages across It 


and L-— are AC tource 
shown.The vir- Fig. 44 

tual valuc of the 

applied voltage is 

(a) 100 V ()200V0 

(c) 300 V (d) 400 V, 


In the circuit of Fig. 45, the AC source has 
voltage 20 cos (wt) volt with w = 2000 rad/s, 


The amplitude of the current will be Near. , 


est to 
20V010 6g 
SmH.40 50 pF 
Fig. 45 
(a)2A ()3.3A 
(c) 25.4 (@).V5 A. 


In ascrics LCR circuit, if the rms voltage 
of the AC supply remains constant when 


- the frequency is varied between 50 Hz 


and 50 kHz, which of the graphs below 


best illistrates the variation of current ° 


through the ammeter with frequency ? 


i> f [— 
(a) () ). 
rf 
— 1— 
(d) (e) 
% Fig. 46 


gi the reading of the voltmeter y 
ammete 


* shown here, Risa 


nthe circuit shown beleny 


rA? 


Fig.47 


()300v,9.4 
(dl) 100 ¥, 2 4, 


(a)600 V, 2A 
(c) 220 V, 22A 
In the circuit 


pure resistor, Lis 
an inductor of neg- 
ligible resistance 
(as compared to R), 
isa 100 V, 50 Hz 
AC source of negli- 
gible resistance. 
With cither key K, alone or K, alone 
closed, the current is I,. If the source is 
changed to 100 V, 100 Hz, the current with 
K, alone closed and with K, alone closed 
will be respectively, 


Fig. 48 


to), Dy. 2, 


I 
(0) 2lgs Ig Maly >. 


29. Aserics R, L, C circuit is shown here. The 


=source frequency f is varied, but the 
current is kept unchanged. Which of the 
curves showing changes of V; and V_ with 
frequency would be valid for the case? 


+ hat wy) ln 
rand 


31. 


Fig so 


(OB 

(OD. 
hown in Fig. 51. the rms 
currents 1,1, and I, are altered by vary- 
Ing the frequency f of the oscillator, The 
Output voltage of the osaallator remains 
Sinusoidal and has a fixed amplitude. 


4 4 
ig iP 
Pp 
+ Q 
é A 
fe) t 
Fig. 51 Fig. 52 


Which curves in Fig. 52 indicate correctly 
the variations with frequency of the cur- 
rents I,, Land I,? 


q " 4 
(a) Q Q Q 
() R Q Q 
(1 Q P R 
(4) Q R P 
te) P Q Q 


An alternating current flows through 8 
resistor. The variation with time of this 
current is shown. 
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Which graph 
shown the 
varintion with 
the time of the 
power dinwt- 
pated in tho 
resistor ? 


ooret 


(_\— 
weno! 


Fig. 53 


> 
‘me's | 7 iirmois 


(a) (b) 


i i INL 
——pP 

9 mere mols 
W) 


() 


9 Dower 
power 


> Fig. 64 
32. , Switch S of thecircuit shown in Fig. 66 
in closed at ¢ » 0. If¢ denotes the induced 
omfin Landi, the current flowing through 
the circuit at time E ss. 


¢, then which of the ——— 
following graphs : 

correctly ropre- 

sents the variation 

of e'with 1? Fig. 65 


a 
4 


(a) (b) 


Emport 


a3. Acoil ofinductance ton 


0,20 I in connected ae 
. ha 

in norien wit i 

nwitch and 0 coll of 1.0V 020) 

emf 1.6 VY. Tho tor 

tal resintance ofthe 

circuit in 4.0 82. Pig. 7 


What in the initial 


rato of growth of current when the mlteh 
closed ? i) 
(a) 0.050 A #7! (b) 0.40 A 0) 

(d) 8.0 A a7! 


(eo) 0.1 Aer! 
(0) 0.82 Aw, 

34, Thocircuit shows 

abridge rectifier 
with a sinusoidal 
niternating volt- 
age applied to it, 
the output termi- 
nals P and Q be- 
ing joined by a 
lond resistor. 
If diode X were removed leaving:a break 
in the circuit, which of the following trace, 
would be seen on n cathode ray oncilloscope 
connected across PQ? 


(VVY\ 


(a) (0) 


(c) 


() 


(e) 


Fig. 68 


Fig. 69 
35. A sinusoidal alternating supply is con- 
nected across the terminals of a resistor 
causing enorgy to be dissipated at a mean 
rate P. A diode having zero resistance in 
the forward direction and infinite realst- 
anco in the reverse direction is inserted 
in the circuit in series with the resistor. 
What is the new rate of energy dissipa- 
tion ? 


im: Competitive Phyales (Object 
i 


“CTHOMAGNETIC INDUCTION. ay 
cee M1 ALTE RMATING ¢ 
NG ClmMEseT ‘ 
ay) 
(a) rero wy! 
4 


36. 


37. 


38. 


30. 


40. 


Al. 


42, 


-(a) 5 ohm 


(ce) r ay 
‘ aa 
(c) a 
A shunt generator has a field resi 
of 240 2 and on armature fetetanect 
0,602. Tho generator gots overheated itthe 


armature loas just execeds 240 W. Maxi 
mum armature current is , . 


(a) 400A (L)20A 

(1A (d) 204 

In Q. 36, if the omf is 150 V, then the 
terminal potential difference is 

(a) 160V (0) 162 

(ce) WBV (ALY, 

In Q. 36, the current inthe load resistor 


(a) 20A ts (20- 3), 
; 20 
138 : 
‘20 138 138 
co 0+ 20) A (7) 20% 5A 


In Q. 56, the efficiency of the generator is 
148 x 19.425 

(a) “T5020 
188 x 0.575 

(6) Te0%20 * 100 


148 IA 
— x 100 a 
(ce) ino x (d) 20 = 100, 


* 100 


In o step-up transformer, the turns ratio 
in 1:10. A resistance of 200 ohm connected 
across the secondary is drawing a current 
of 0.6 A, What is the primary voltage and 


current? 
(a) 50V,1A (L)10V,5A 
(c) 25V,4A (d) 20 V, 2A. 


An electric motor runs on a DC source of 
omf 200 volt and draws o current of 
10 ampere. If the efficiency is 40%, then 
the resistance of the armature is 

(b) 12 ohm 

(c) 120 ohn * (d) 160 ohm. 

The diagram shows an iron-corcd trans- 
formor assumed to be 100% efficient. The 
ratio of the secondary turns tothe primary 
turns is 1: 20, 


Fig. 60 


A240 V ac supply is connected to the pri- 
mary coil and 8 6.0 resistor is connected 
to the secondary enil. 

Wha, is the current in the primary coil? 
(a)0.10A (b) O14 A 

(e)20A (d) 40 A. 

43, An electric motor driven from a constant 
voltage supply is used to raise a load. If 
the load is increased, which one of the fol- 
lowing sects of changes occurs? 


speed of induced emf current in 
rotation (back emf) coil 
(a) decreases decreases increases 
(6) increases increases. decreases 
(c) decreases decreases decreases 
(d) increases decreases —increases 
(e) decreases increases. decreases 


44. Ina laboratory experiment to test a trans- 
former, a student used the circuit shown 
in the diagram to take measurements. 


5 5 
N, N, 
vy, . 
is turns urns “Mos 
” Fig. 61 


Two of the original entries in the student's 
results table are mi: shown : 


OE 
[wo[so [> [7 [| | 
‘Assuming the transformer was 100% effi- 

cient, what are the missing results 7 


N, turns viv 
(a)2 6000 
(6) 50 9.6 
(c) 480 10 
(d) 1250 9.6 
(e) 1250 240. 
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Answers/Explanations ————— 


| Selected Multiple Choice Questions 


1 


2. 


4, 


5. 


(a) Induced emf opposes the motion of the 
magnet. 
(6) Phase difference 


4200, E, = 120, 1, =10A, 


21 
or E, = 26, =2% 120V=240V 
E,1,<E, |, : 
1,5, =1,E, 
ta lnbe 
E, 
10x120 , 
: =p ASA. 
5 
(c)E=0.2x 10+ x 60 x 640x => V=0.15V 
Lo - 
(ec) tang= Co ,tang<1. 
n? +(uo- a) 
(c) Both voltage and current are in the same 


phase. 

(6) The given circuif is a ‘parallel circuit’, 

“ Net voltage 3 v- E, 
Resistance Ry 


(6) Z= Jos? (24-12? 
= ¥625 + 144 = V769 = 27.79 


(d) This is a case of resonance. 


(c) Voltage leads the current by a phase an- 
gle of 90°, 


(ec) 


=(b) te Np _ 100 Ly 
I, N, 25 
or I =4x1A=4A, 


IM. 


16, 


16. 
17. 


18, 


25, 


+26. 


(b) Peak value of current is J2 times the 


virtual current. 
1 


1 
(b) vege * "Tie 
1 
(a) E = 100 x 10 55 V= 107 V =1 mV. 


(a) In LC oscillations, It = 0. 
R 
Power factor = 7 = 0. 

(c) 1, x 22000 = 5 x 220 
_ 5x 220 

i ** “32000 

(c) Lenz's law gives the dircction of induced 

emf in electromagnetic induction. 

(a) Lenz's law is a consequence of the law of 


conservation of energy. 
(d) If we assume 100% efficiency, then 


output power = input power . 
(d) It is a case of LC oscillations. 


A=0.05A. 


a 1 
Se be oak 
(6) |B] =L2,=10x 10°55 V 


=10V=1pV. 
(d) Assuming 100% efficiency, 
12 x 22 22x 22 
220 1= “99 8! = 20x 220 
, p Eee ea ee 
= J0* 10 100 & =O01A. 
(c) ve ; 
2n VLC 
(a) Transformer docs not alter the fre- 


quency. 
(d) The given circuit is a rejector circuit. So, 
L = 2, Thus, no current flows through the 
circuit. 

(c) At resonance, Z = R. 


}. (a) Power supplied = 100 V x 5 A = 500 W 


25% is wasted in the form of heat, 
1 
| *500=1,R, =5R, 


100 
or R=" 2=259. 


mnpetitive Physics (Olycetive) 


An interesting Alternat; 
: ite 
PEEL =(IMy)] 


gi (a) Be ee 
2rlh 
: co 
" Hon 


MR locir. 


culating charge 
1=qv, where v is frequency, 


32. (b) 29, 
40, 
aut, 
wb wl) ol; "LLL 
Lyby_ 
or Le Tel +15 
33, (6) Use Lenz's law. 
34. (a) E=Bylu 
By 
Also, tan 5 = 5 — 
50, By 
E=B,lutand 


5 
= 0.40 x 194 x 1.5 x 72x 75 x tan 30° 


20x 0.4 x:1.5x 104 
= volt 
Ws 
35. (b) = NBA cos 0 
© = 20% 109 x 104 x 5 x 10+ x cos 60" Wo 
f 


=ix 10° Wb=3 10-9 10" maxwell 


=6 x 10¢ maxwell. 


(0) Note 
mith A 


) Apply Lent’s law 


(6) 
oes ’-Ceraph, itis clear that, froma 
“re is no change in radius and hence 


that an inductanee is present 


change in area and magnetic flux. Same 
# the situation from ¢ to d 
Now, Ie} = 4 ) 

lel=B < a 

le] =2eB “ 
Sincere, dr = constant 


i di 
s leler. 

(d) There is no change of magnetic flux. 

(a) The magnetic flux density B linking coil 
Yis shown in the diagram. 


porte 


Fig. 63 


As X moves away from coil Y in the diree- 
tion indicated by the arrow, the Mux ¢ link- 
ing coil Y decreases due to decrease in B. 
The decrease in 9 causes an emf E induced 
in coil Y and hence a current flows in the 
coil. By Lenz's law, the induced current is 
as shown. Thus, it flows from N to M in coil 
Y. Since the flux linkages 9 eventually re 
duced to zero, the current in Y thus dimin- 
ishes to zero eventually. The nature of force 
is altractive since the flux6 is decreased due 
tothe movement of coil X. The magnetic force 
tends to hold coil X in its original position to 
maintain the flux 9. 
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joa 


41, (e) When tho switch K is closed, current 


flows through the clectramagnet thus sels 


up a magnetic flux density I} in the ele 
magnet. When copper ring passes over the 
electromagnetic, the flux @ linking the rink 
which is directly proportional to B and the 
area of the copper ring, changes with time. 
By Lenz's law, the induced emf in the cop- 
per ring opposes it motion and hence tho 
oscillation of tho copper ring is heavily 
damped. The copper ring will eventually 
come to a stop with the rod vertically down- 
ward, 


42. (d) By Faraday’s law of electromagnetic in- 


43. 


44. 


45, 


46. 


duction, the induced emf is given by 
do__d . 
-—e- = 0) 
emf = 7) 7) (BA sin 


s- fine sin 0) 
dt 


=-Rrsin0) (4) =-Br sino * 


dt 

Hence, induced emf has a magnitude of Hirv 
sin, 
(a) The mutual inductance M between sole- 
noid P and Q is given by emf induced in Q 
due to changing current in I? = M x (rate of 
change of current! in?) 
= 2x 10%=Mx(5) M=4.0x 107H 
Similarly, emf induced in P duc to changing 
currentin Q = M x (rate of change of current: 
Ig inQ) 
= induced emf in P = (4.0 x 10+) x (2) 

=8.0x 107V. 
(d) More the rate of change of magnetic flux, 
more will be the induced current. Again, 


* when the north pole of the magnet ap- 


proaches the coil, the coil repels the mag: 
net. Clearly, the upper face shall have north 
polarity. So, the current flows unti-clockwise. 
Reverse is the case when the north pole of 
the magnet moves away from the coil. 

(b) Following are the two ways to arrive at 
the correct choice : 

(i) Use Fleming's Right Hand Rule and find 

direction of induced emf. 


~ 4s 
(ii) Use F,, = q(u x B) 

(c) With the increase in the time rate of 
change of flux, both the induced emf and 
current inereasc. But ‘the induced charge 


clron 


Emp 


47. 


48. 


49. 


50. 


51. 


52, 


orium: Competitive Physics (Objective) 


docs not dopend upen time, So, it would re, 
main the 51 
(a) Followin| 


ume. 
hl g arguments shall help decidg 


B ec: 
ae the right chore mognetic ficld is uniform 


ther the hel 
@ ail ‘orm, if their is no change jn 


and consequently no change in mag. 
netic flux, then no induced emf will be 
produced. So, (a) is correct and (6) ig 
wrong. aliaiis 
(c), induced emf willbe zero at two 
us instants. However, it will not be zero if 
an clemental time is considered, 
When the plane of the coil is perpendicu. 
i to the magnetic field, then 4 is maximum 
and induced emf is minimum. 


R 
(a ee 1 R? + Lu? 


lw 
a a 
‘S 
R 


Fig. 64 
1 


(va e 


1 


v= 
Qn Vio" x10 


s 
val nz 
2n 
(a) Since the capacitor is connected in se- 
ries to the resistor, the current I, from the 
supply and I, through the resistor is in phase 
as represented by choice a. 
(d) At low frequencies, Lv dominates. At 


higher frequencies, alt dominates. 


(6) The fuse F breaks if the current through 
it produces sufficient heating effect to the 
metal wire inside it. Since a rms current 
value of 13 A produces a mean amount of 
heating effect which is the same as that 


INETIC INDUCTION Ap 
OMAC! iD) ALTERMAT Ny. 
cet ATING CHppp 
ENT 


fl 
produces bya direct current uf13 4 thet 395 
the fuse 


64. 


65. 


57. 


will break if direct current exceed 
flows init. 

(d) The current I through the 
given by 


ing 134 
Tesistor It is 


=a gi 


&R in 2 rf =I, sin2 wp, 


The amplitude of the current js thus}. . Yo 
o* 


since Vo is direct! i R 
Since Vo 'Y Proportional to 
amplitude of tho current is also Et he 
portional to fas the frequency is varied (th 
magnitude of current js « ft.) . 
(b) If R is the resistance of resistor w 
the steady current I dissipates power men 
and J, is the rms value of the sinusoidal al. 
ternating current 


amount of power in the resistor of hali 
resistance value of R/2,'then all the 


P=PR= ht (3) 


* I?=2I? or Iy= 21, 
(c) Now, I = I, sin (02) =I, sin (2nft) where f 
is.the frequency. 
Since f and 1, are both doubled, the corre. 
sponding sinusoidal current is thus 

1 = (214) sin [2m (2/d) = 21, sin (2(25/M) 

= 21g sin (2 00). 

(a) Mean power P, dissipated in a resistor 
is directly proportional to peak value of the 
emf of the ac supply V,, and is independent 
of the frequency / of the supply. 
Since peak of emf V, remains unchanged and 
frequency f has altered, mean power in the 
resistor thus remains unchanged. 
(b) The power dissipated in a resistor for a 
constant potential difference V is the same 
as the for a sinusoidal alternating potential 
difference of rms value V. 
Now, the sinusoidal potential difference has 
peak value of V,, we thus have 


Yo 
Vee or Vo= V2 V. 


(6) Period of the sinusoid voltage, T = 0.4 s. 
‘The frequency for the voltages is thus 


tod. 
f=a7 0a = 2.5 Hz 


N lags M by 0.1 s which Is equivalent to 
01 
(Ht). Ror 3 rad. Thus, the lead of N over 
Mis-% 
is 2 rad. 
6. (e et as 
an Xen aye of Xen 7 
+ (a) Root mean square current of the 
sinusoidal waveform, I = 3 . 
Power output of the heater, 


perme (4) ne leh, 


R 


62. (a) Power factor = 
IR? 


For a purely resistive circuit, La — = =0 


Power factor = 1. 
63. (d) It is a case of parallel resonant crevit. 
Maximum impedance and zero current. 


4. (8) i1e==* 


E 
Atthe start.e=0 4. Swan ® Re 


Clearly, current is maximum when the mo- 
tor has just started. 
65. (8) Input power = 220 V x 5A = 1100 W 


Output power = 11V x 90A = 990 W 


$00 100 = 90. 
00 


Eight-polar dynamo has 4 coils. 
:. Effective valucis 8 x4Hz or 50H2 


67. (b) Operation of transformer is based on the 
principle of electromagnet induction and 
operates only alternating current, not direct 
current It can either be a step-up or a step- 
down voltage mains transformer. 

68. (b) The soft iron core has a high relative per- 
meability and hence it provides relatively 
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large magnetic Mux density within the core 
for agiven current through the cowl This im 
proves the flux linkage between the primary 
and secondary coils 


i | Questions for Self Assessment 


1. (c) Magnetic field due to larger loop 


wgl Ses WT la eT 


“or 2x 
Now, magnet ¢ lux linked with the smaller 
loop. ¢ 


x 104 x5 x 104 cose 


= NBA cosut =1 
=x 107 cos 0 


2 (a) l= 


1-52 10°77 »03¥02 

. 5 
Area is decreasing. Flux is decreasing. So, 
current flows to increase the flux. Clearly, 
current should be clockwise. So, it flows from 
BtoC through 5 2. 

3-5." [3. (a), 4. (8), 5. (a)] 


A=0.6mA. 


dly dlp 
ret, 2 andv,=L, 22 
V,=L, Sp and V2 =e 
dly_dly_. 
S1 . £2 (given) 
But a a (given 
V, =L, and 
8 4 
Va= a oa 
cia Sees ad Doar a 
Again, same power is given to the two coils. 
. Ie 
s  V,l, = V1, or ik a) 


Again, energy = suF 


lion? 
Le bee )-(2 
Wy dus? h 
2 4 
ag aes 


6. (a) Consider the force on an electron in PQ. 
pirmceriys experiences a force towards Q. 
early, all free clectrons in PQ te 
rata. PQ tend to move 
7. (a) The two loops 
: produce equal and o; 
site magnetic fields. a 


69. (e) 1, * 220" 


8 (a) The inductance 
acts us a short-cir- 
cuit. The whole of 
the current Mows 
through the induct- 
ance. Since no cur- 
rent flows through Hf 
the bulb thorefore 
the bulb docs not 
glow. 
9. (¢) The induced emf is directly Proportional 
aB_ ad 
dt dt 


‘ i dl 
Hence induced emf E« te graph o 


Fig. 65 


is given by- 


*(@) , " (b) 
Fig, 66 
10, (b) Magnetic field at 
centre of large coil 


= Hol 

a} Co) 
Magnetic flux linked 

with smaller coil 


oR Fig. 67 
2 £ 


11, (d) | E | = Bylo 
=2x 10 2x 5Qyolt 
= 2x 107 volt al 
= 2 millivolt 


i. 


15. 


16. 


a 
© 
er towarus 
for ill be dee 
feient 1” stee- 
0 
ie yvall be 
msitive iy charged 
) pifective resistance is AO 
( Me tn 
aR ON 
bi 
1x 10774 , 
o = ax 10x19 


ir y= 0.02 ms"! = 2ems-t, 
he mutual inductance, M, bet; 

Orn and B is defined by the Sila 
emfinduced in B(or A) by changing current 
ind (or B) = M x rate of change of current in 
AcorB) 

Hence the mutual inductance M remains the 
same whether X or Y is uscd as the Primary, 


Bul 
) Bil=me ‘or Ba ls mg 


(ec 
_meR 
or ve By? 


(c) Shape is immaterial. Only the end points 
are relevant. 

(e) The back-emf E induced in the armature 
coil of the motor is related to the current I 
from the source of potential difference V by 
the equation ; 


Ve 
j= Ra 


E 
where R, = armature coil resist- 


ance. 
Now the back-emfis proportional to the an- 
gular speed of the armature coil wv 
or E =kw, where & is the constant of propor- 
tionality. 
Thus, we have 

Vek 

I= 2--— 

R, Re o 
alinear equation such that the current from 
the source decreases linearly with the speed 
of rotation w of the motor. That is best rep- 
resented by graph e. 


or vot 

mw 9,06, SO ELA 

or 9,249" WA F 
L ' 

Patine » 

Prrire mith 9, « $1, 


Com: 


<0 get 


lowed. s current flows 
own thet tote up 4 
Tut 9 through ¥ 


ming will be su: 
poses the Sudden increase in Nux linkage 
from the west. Hence. the ring moves to- 
wards E (east) 
19, @ Assume the arca of the flat coil of copper 
wire to be A. Then the flux linking the cot! is 
(2x2) 


9=BA = BA sia |] 
\T 


Thus, the induced emf in the coil is mven by 


Maximum of E occurs when cos 


Qn T 
or Le tay. 
(Note. since = - 22 =- 3. maximum of 
dt dt 
dB 
E cerurs when negative gradientof Bor ~ [> 
d 


is the maxuinsir it is obvious from the craph 
that thisoco nat) = Tet t= Oand f= 7) 
ees 
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ysis te 


20. (d) From the given graph of, we may define 
© by the equation, 


oon (22) 


The induced emf Fan the coil is thus given 
by 


Qn 


fe ie negative cosine fiinetion which is best 
represented in raph ad. 


21, (a) Component of weight along the ine 
clined plane =mg sind 
' : Blu, BAPe 
Again, FebBleB Tr! =k 
Now, 
or 
22. (a) The variation of 1) can be described in 


the following stages : 

(1) When the magnetic bar enters the 
solenoid, by Lenz's law, the current in 
the coil is induced such that it opposes 
the increase in Nux due to the magnetic 
field by the magnetic bar. The induced 
current is indicated by the defection () 
as in the diagram. 


haves a 
i) 


Fig. 70 
(ii) When the magnetic bar moves inside 
the solenoid, Mux change due to N- 
pole is cancelled by that due to S-pole. 
Hence, no deflection is indicated, i.c, 
(0 =0). 


(ut) When the magnetic bar Icaves the sole- 
noid, again by Lenz’s law, the current in 
the coil is induced such that it tends to 
maintain the flux in the coil due to the 


Ctivgy 


magnetic field ty the magnetic hae 
an opposite induced Current | " 
Uhrough the coil and is indicated 4, Own 
deNection 0 in the diagram below,” the 


Hence, the variation of 0 is best re, 
in graph (a), a Presented 


23, (b) Let UT 
ie et pateres flow through the Square 


Magnetic field at centre 
of loop 


I 
aE] [2 sin 454] 
aL 
2 
= Zuo 2 _ v2 ol 
mL V2 nb 


Fig. 72 


+ Magnetic flux linked with small square Too 
of side 1,6 : 


If M be the mutual inductance, then 
2 
g=M w= 222 bol? 
nL 
Clearly, Me 2 
early, = T 


24, (b) E= 4120" + 160? 


: = 10Y144 +256 = 10 /400 V = 200, 
25. (a) Lo =5 x 10 x 2000 = 10.9 
1 1 


100 
Co 50x10 x 2000 19 %= 108 


"7 a 
Since Law = rong 


+ B=R56+01+4=1019 


12220 prog 

Z 10.1 

26. (e) lis maximum ata certain frequency, This 
frequency is called resonance frequeney, 


7 at 


38. 


99. 


30. 


31. 


32, 


. (d) When the switch is closed (até 


MAGNETIC INDI 


te) Vallages nceosn Land ey 

0, voltage across Kt jg 20 y in 
220 

again |= Typ A=224, 


so 


(a) ALSO Hz, Lan = Tes Ay 100 tt, 
Meet (8 


50, current remains Unchanged + 
ae it becomes half in 1, Bed in H How, 


1 
(a) Vor FAM Yn 
(d) Reactance of the inductor 
X= 2nfl. 
rms current through the 


Vis given ty 


; Inductor L 
islam 7 Nee VES ther oy, 
supply voltage, . 

Reactance of the capacitor ¢ is piv 
1 ‘en by x, 
2nfC" 


rms current through the ¢ 


e 


APiACILor jy 
v 
I= jr EAOV ef 
‘The total current 1, is given by | 
Vv 
“(a= ¥} 
Thus, I, is best represented by curveR, 
I, is best represonted by curye p, 


1, is best represented by curve Q 


(c) Let R be the resistance of the tesislor 
and if we represent the current by | = I, sin 
(2n/2), the power dissipated in the resistor is 
then given by 

Power, P = ?R 


nels, 


‘Hien cl 
= [PR sin? (2nft)= 51,2111 ~costt 


4c, variation of power as function of time has 
a frequency double that of the current fune. 
tion. 

(b)e=E-IR 

Clearly, the graph is a Straight line with 
negative slope. 


8), 110 
current flows, voltage drop across the 
inductor is the same as the supply voltage 
of 16 V. Hence, by writing down the voltage 
equation for the circuit, we have 


di 


V=RI+L— 
Ri+ 77 


uy, 


SCRE aetoey 
MDUL wareln 


rm, 


< 


"Fig na 
During the negative cycleof the alternating 
Voltage supply, there is a break in continu. 
ity: due ‘oremoval of the diode XY Hence, no 
Potential difference Across PQ is observed. 


Fig. 74 


The observation of the potential difference 
across PQ on the oscilloscope is best repre- 
sented by graph (b). 

(c) Since the current in the resistor is half- 
‘wave rectified by the diode currentin series 
with the resistor, the rms value for the cur= 


rent is $ that of the original value. 
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og 
vara current # 
\ 


Ongaa! cutest n reesiy 
Fig 75 
rms Current © 


Fu 76 
Thus, the power dissipation in the resistor 
with recitfied current flow is now 


pene cen 
1) n=daR=2 


36-39. [36. (b). 1c), 38. (b), 39. (a)] 


rf) x06 
7 _ 240 . 
or === =400 or 1=20A 
06 


(2)  V= 150-20 +06 
= (150 — 12) volt = 138 volt 
(azz) Current in the load resistance 
= Armature current — Field current 


= {20- is) A 
240 
138[20- = 
Ges E y= —t__240) 
ww? Efficiency = — 99 * 100 
138 x 19.495 
er ESCT * 100. 
40. (b) V, = 1,R=0.5 x 200 = 100 volt 
Vn Ap ae | 
ae 
"v.00 
or v,=~ = v_ioy 
» = T0 To V=10V 
I 
Again ="! - 10 
1, n, 
or 1,=101, = 10x95A=5A, 
41. (8) Output power 40 


200x130 100 


Emportum Compentirs Favstes (OQ) 
Peet 


or Output power © 600 W 
Toes = (200 © 10 ~ ROO) Wy 
= (2096 KOO) Way 
Now, e009 10S 10 200 W 
ot Reaa 


42. (a) The equivalent primary load in 


N 2 20 2 
SL): = 
n-(s] (2) 60) 2g 


ai ol I. 


Fig. 77 
Current in the primary coil 
. 240 240 


s—= -0, 
Ry 2400 14; 


43. (a) If Vis the supply to a motor andI is the 
e 


current, then we have the power suppli 
the motor is VI, and Pplled a 


E, = V-Ryl, 
and E,«w 
where E, is the back-emf 
R, is the armature coil resistance, 
w is the spéed of rotation of the 
motor. 
Since the load is increased, more power js 
drawn from the supply, therefore 1, in- 
_  ereases. From the first equation, we see that 
the back-emf decreases and hence the speed 
of rotation also decreases. 


44, (d) Assume the transformer to be tested is 


an ideal one, then 


: 
Ve Np de 
VN Ty" 


Given V,=240V; N, = 50 turns, 
1,=50mA, I, = 2.0mA. 


V, =9.6 Vand N, = 1250 turns. 


to 


Luminous flux is the amount of light en- 
aie emitted per second by a source, 
One lumen is the luminous flux through 
1m? of surface of 1 mradius whena source 
of} candle power is placed at the centre 
oreurvature of the surface. 
IIluminance is the amount of light energy 
received per second Per unit surface area, 
when the area is held normal to the beam 
of light. 

Intensity I 
Iluminance E = ——3—. 
in-the case of Bunsen's grease spot pho- 
tometer, - 


Ait 

I, 2° 

Mirror equation is A + Hi oot 
u tf 


Magnification, in the case of mirrors, is 


: given by : 
v 
neo ~. 
u 
1 
aby = pha 
Real Depth 


a Apparent Depth 


Lateral shift through a parallel-sided slab- 


is given by: 
_.__ tsin (i) =n) 
Lateral shift= op nh 


40) 


ty is 


t 


He angle af inexdence and r, angle 
of refraction 
Hl. tn the case of total internal reflection, 
1 
= ——, where rent ritical 
Tay’ htt, represents the entical 
angle. — 


12 In the case of refract: 


eenser medium ata s 


rom rarer to. 
vical surface, 


-uoy R 
13. In the case of refraction from denser to 
rarer medium, 


, WM. Lens-maker’s formula is : 


{1 1) 
=slp- DiS -— 
poe 

15. The reciprecal of foca! length of lens is 
called power of lens. 
16, In the case of lerses, the magnification is 
given by 
v 
m=-. 
= o 
17, Wher tivo lenses of focal lengths /, ree | 
arv. iaced in contact, then their combin 
fecal length is given by 
Be ae 


18. Angular Dispersion, 6 = (H, - HDA 


————— _ 


iL 
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. Emporium: Competitive Physics (Objective) 
y ‘of Young's double slit 
H on i i.e 27. In the case of Younk § Slit exper). 
19. Dispersive pawer, w = “ier” ment, the distance of a bright fringe 
A 7 centre of the interference pat, 
20. In the case of simple microscope, from the nDA Para 
M D is given by 3¥_ = ad 
abe fe In this experiment, the fringe width jg 
21. In the case af compound microscope, given by : 
of, 3 ne Pt 
M=-—|1+—]. d- 
uf ag, In the case of interference in thin films 
22. In the case of astronomical telescope, the conditions for brightness and darkness 
nie f aa eal sh in the reflected system are as under : 
. =-—-— (when final image is at 
is ‘ Que cos r= (2n + 1) z (for a bright fringe) 
M = Alt £) - Qutcosr=nh (fora dark fringe) 
(when final image is formed at the least 29. In the case of diffraction at a single slit, 
distance of distinct vision). the condition for nth minimum is; 
23. Huygens’ wave theory can explain laws of dsin 0, = nA 
refection and refraction. The condition fornth secondary maximum 
is: 


24, For constructive interference, the phase 
difference should be even multiple of x or 
d 


dsin 0, =(2n + 1) ca 


d 
30. Fresnel distance, D,- = a 


even multiple of 


25. For destructive interference, the phase 
difference should be add multiple of x or , f 
: _ aL According to Brewster's law, w= tani. 
32. Tocstimate the speed of distant stars, we 
2 2 use the following relation : 

og. Ima =f 7+) af). 
26. jen -( ;] » Where r (- “1 is known Av 
hoc 


r- 2 


odd multiple or. 


Trin 
as the amplitude ratio. 


»| 


x 


selected Multiple Choice Questions 


noose the correct answ, 


int questions : 


nvex fens of focal length 40 cm is in 

contact with a concave lens of focal length 

25 m- The power of combination is 
15D (6)-6.5D 

(ce) 15D (2) 6.5 D. 


rism has a refracting angle of 60°, 


Aco 


Aynee aray of light is incident on its face 
at 45% it suffers minimum deviation. The 
angle of minimum deviation is . 
(a)30° (b) 60° 
() 45° (d) 90". 


m splits a beam of white light into 


A pris’ P 
in constituent colours. Thi so 


its seve 


pecause 
(a) phase of different colours is different 


(a) amplitude of different colours is different 

(c) energy of different colours is different 

(d) velocity of different colours is different, 

A single slit of width ¢ is placed in the 
ath of a beam of wavelength 4. The an- 

gular width of principal maximum ob- 


tained is 


vs a 
a = ws 
(aS a 
axa d 
:)— (d)2—, 
(7 meer 


A beam of light is Converging towards a 
point / ona screen. A plane parallel plate 
of glass (thickness in the direction of the 


beam =f, refractive index) is introduced 


in the path of the beam. The convergence 
point is shifled by 

(a) = away (LK + ydaway 

(c) (1 = Va) nearer (del + 14) nearer. 
A plano-convex lens has radius of curva- 


(ure 30 cm. If the refractive index is 7 


U focal length of lens is 
(a) luem (b) 90 em 


(c) 30 em z , (d)60 cm. 


er froin th 
i four alternatives Riven in cach of the follow: 


7. Minar —, 
Ifina plano-conzex lens, the radius of cur- 


oe of the convex surface is 19 em and 
the focal length of the lens 18 30 em, the 
tefractive index of the maternal of the lens 


will be 
@is WV 
(01.33 3 


8. The velocity oflightin airisd * 10% ems 


What is the frequency and the wavelength 
ofa beam of light in a diamond of refrac- 
tive index w= 2.4, if wavelength of light in 
air is 4800 A? 

(a) 6.25 » 10 Hz, 2000 A 

(8) 6.25 « 10" Hz, 2000 A 

(c) 6.25 « 10" Hz, 200 A 

(d) 6.25 » 10" Hr. 200 A. 


9. In Young's double slit experiment the 


separation betwen the silts is halved and 
the distance between the silts and screen 
is doubled. The fringe width will be 

(a) unchanged (b) halved 

{c) doubled (4) quadrupled. 

Aray inglassisincidentat 31°42’ on glass- 
water boundary. Ifthe angle of deviation 
of the ray is 45°. the angle of refraction in 
water will be 

(a) 27° 12° (6) 35" 92° 

(c) 26" 92° (d) 36" 12° 


11. Refractive index depends on 


(a) angle of prism 
() wavelength of the light 


(c)intensity of light (d) frequency of light. 


2. The magnifying power of simple micro- 


scope is 


1 
fa)= f (b= T 


oe VF 
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14. 


15, 


16. 


17. 


18. 


19, 


The reason of various colours in soap 
bubble is 

fa) interference 1b) visible light 

(c) diffraction (d) None of these. 

In Young's double slit experiment, the dis- 
tance between the two slits is 0.1 mm, and 
the wavelength of light used is 4» 10°? m. 
If the width of the fringe on the screen is 
4mm, the distance between screen and 
slitis 

(a) 0.1 nim ib) Lem 

{e) O.lem () im. 

A prism splits colours because of 

(a) difference in wavelengths 

(b) diffraction (c) dispersion 


(d) different refractive indices of air and glass. 


Light from a 100 watt filament bulb is 

passed through an evacuated glass tube 

containing sodium vapour at a high tem- 

perature. Ifthe transmitted light is viewed 

through a spectrometer, we will observe 

(a) D, and D, lines of sodium with good inten- 
sity 

(8) dark lines where D, and D, lines should 
have been observed 

(c) continuous radiation from the bulb only 

(d) the entire emission spectrum of sodium: 


What is the expression for fringe width in 
Young's double slit experiment ? 

(a) 12D (6) 3Did 

(c) 2.d/2D (d) 2.D/2d. 

If twa lenses are kept coaxial together, 
what will be their power ? 

(ar, +P, (OP, PLAP, + P,) 

(ce) (P+ P]MP,P,) — (d) None of these. 

A glass prism of pt = 1.5 is immersed in 
water as shown. A beam of light incident 
normally on the face 
eb is internally re- 
flected from the face 
ad cu as <> incident 
formally un face bd. 
Given that refractive 
in: ex of glass is 3/2 
and that of water is 
4/3. What is the value 
of0= 2 bad? 


Fig. 1 


Emporium: Competitive Physics (Objective) 


Sh cha 


20. 


21. 


22, 


24. 


26. 


27. 


28. 


(a) sin 0 > (WD) (b) (2/9) < nin 

fe) sin < (2/3) (d) None of the above, 
Thenngu.inr fringe width does not depend 
upon 

(a) wavelength (A) 

(b) distance between slits (d) 

(e) distance between slits and screen (D) 

(d) ratio Md. 

In a double slit experiment, the distance 
between slits increased ten times 
whereas their ance from screen is 
halved, then what is the fringe-width ? 
(a) [tremains same (6) Becomes 1/10 

(c) Becomes 1/20 (d) Becomes 1/40. 
Two lenses of powers 12 D and-2D are 
placed together. The combined focal length 
will be 

(a) lem (b)1l0em + 

(c) 100 em (d) 1000 cm. 

The critical angle is maximum when light 
travels from 
(a) water to air 


(b) glass to air 
{c) glass to water (d) air to water. 
Line spectrum can be obtained from 
(a) Sun {b) Candle 
(c) Mercury Vapour Lump 
(d) Electric Bulb. 

Light of wavelength 7200 x 10-!° m in air 
will become light of wavelength in glass 
(4 = 1.5) equal to . 

(a) 4800 x 10-9 m (6) 7200 x 10-19 m 

(c) 10800 x 10-'m = (d) None of these. 
How does light propagate in optical fibres ? 
(a) Total internal reflection 

(b) Refraction 

(c) Reflection (d) None of these. 
Resolving power of a microscope depends 
upon : 

(a) wavelength of light used, directly 

(b) wavelength of light used, inversely 

(c) frequency of light used 

(d) focal length of objective. 


If a transparent medium of refractive: 


index 4 = 1.5 and thickness t = 2.5 x 10% m 


oT 


29. 


30. 


3i. 


32. 


is inserted in front uf on, 


ce of 
young's Double S|it ne of the lite of 


Perime, 


much will be the shit in the interfe how 
pattern ? The distance boty me 
js 0.6 mm and that between © slits 
sereen is 100 cm. Its and 
(a) em (6) 2.5 em 

(¢) 0.25 ein (01 ei 

In optical fibres, Propagation of light 
duc to: ts 


(a) Diffraction . 
{b) Total internal reflection 


(ce) Reflection (d) Refraction, 
Two lenses of focal lengths fyand f, a 
kept in contact coaxially. The resultant 
power of combination will be 
fh hth 
by) eR 
(a) hth : ) file 
‘fs h 
(fh, +f (dy 42 
+h he i 
When white light enters 9 Prism, it gets 


split into its constituent colours. This is 
duc to: 


(a) High density of prism material 


(6) Because refractive index is different for dif. 
ferent wavelengths, 


(c) Diffraction of light 

(d) Velocity changes for different frequencies. 
Amount of light entering into the camera 
depends upon 

(a) focal length of the objective lens 


(c) product of focal lenyth and diameter of the 
objective lens 


{c) distance of the object from camera 

(d) aperture Setting of the camera. 

Angular width (B) of central maximum of 
a diffraction pattern of a single slit does 
not depend upon 

(a) distance between slit and source 

(b) wavelength of light used 

{c) width of the slit 

(d) frequency of light used. 


37. 


39. The focal length 


wm a real 
Mage, so the 
WMeideny Trays 


are S 
a) paratel 


diverging Yu2 

{cl eonvermaing 

(d) statement ig falee. 

The phenemen i 

7 on by which light 

‘Nan optical fibre is oe 
{2) Pefection (b) refraction 

{C) Total internal reflection 

(2) Transmission, 


When light travels from sir to water, what 


TemaiNs constant ? 
{o) Wavelength 

(¢) Frequency 
Resolving 
with 

(a) increased focal Jength of eye-piece 

(5) increase foca} length of objective 

(c) increase aperture of cyt piece 

(d) increase in 8perture of objective. 

In diffraction at a Single slit, the angular 
width of central maxima does net depend 
Upon 

(a) distance between the slits 

(b) wavelength of light 

(c) distance between slit and the sereen 


(d) Nese of these. * 
Source 
a 


Fig. 3 


(b) Velocity 
(d) Intensity. 
Power of a telescope increases 


ofthe Iens shown 
in Fig. 3 to focus 
light on the other 
wallis 

la)<d¢ 

(b)>di4 

e)< diz *Wd)>dr. 

40. If the ray of light shown undergoes total 
internal reflection at the vertical face of 
the glass slab, what is its refractive 
index? . 
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41. Inthe case of a primary rainbow 
tat annermost is blue 
()) cutennost is red 


te) red subtends an angle of 


Ad) wolet subtends an angle of 625, 
42 Ifthe intensity ata pointas Land there ts 
a path difference of 2/6 at that point, then 


I 
the ratio — 1s: 
lo ‘ 
{Here ], is maximum intensity. 


(a) a4 (by v2 
(ce) V3 (d) None of these. 


43. Light of . = 600 nm is incident ona slit of 
width 2 mm. What is the minimum dis- 
tance upto which diffraction will not be 


perccivable ? 
(a) 2.3m (b).3.3 m 
(4.3m (d)5.3 m. 


44. The reddish appearance oi rising and set- 
ting sun is duc to 
(a) reflection of light (L) diffractian of light” 
(e) scattering of light (d) interference of light 
45. Astronauts look down on carth surface’ 
from a spaceship parked at an altitude of 
500 km. They can resolve objects onthe 
earth of the size : 
Assume that pupil's diameter is 5mm and 
wavelength of light is 500 nm. 


(a) 0.5 m (hom 
(-) 50m (d) 500 m. 

46. The resolving power of a reflecting 
telescope depends 


(a) on the intensity of light used 

(b) on the diameter of objective lens 

(c)on the focal Jength of the objective lens 
(d) on the wavelength of light. 


47. Apoint source of Hicht moves ina Atrnight 
line parallel Co a plane table Consider 
amall portion of the toble dircetly below 
the line af movement of the source, The 
iuminance at this portion varios with ity 
distance r from the source as 

(b) = 4 


(a) = 
r r 


1 
(n= 
re 


48, A400 cd lamp is separated by a distance 
of 1.0 m from a sereen. At what distance 
behind the lamp should a plane mirrop 
parallel to the screen be placed for thy 
illuminance at the screen centre to 
increase by 100 lux ? 

(a). m ()0.5m 
(ce) 0.25 m (10.75 m, 

49. As the wavelength is increased from vio. 

Ict to red, the luminosity 
(a) continuously increases. 


1 
1 (d= a 


(b) continuously decreases 
{c) increases, then decreases 
(d) decreases, then increases, 


50. Fig. 5 shows a glowing mercury tube. The 


intensities at points A, B and C are re. | 


lated as ‘ 
{a)B>C>A (b)A>C>B 
(c)B=C>A (d)B=C <A. 
. e . J 
Cc A B 


Fig. 5 
51. A lamp is hanging at a height of 40 cm 
from the centre of the table. If its height 
is increased by 10 cm, the illuminance of 
the table will decrease by 


(a) 10% (b) 20% 
(c) 27% * (d) 36%. 
52. Anclectric bulb emits 68.5 lumen W-, Its 
luminous efficiency is 
(a) 2.5% (b) 5% 
* fe) 10% (d) 20%. 


yr 


64. 


aa 


55. 


56. 


tometer, lwo ae 
Int pho MCE of) 
placed at 30 cm and 50 em tr Tht when 
reduce shadows of equal interit 
candle powers are in the ray, 

n 16 

= (hy 52 
Laird "5 

5 

& (dye 
(5 : 3° 
Two plane mirrors are in, 
other at an angle 0.A ray of | 
fected first at one mirror ang _ 1 re 
other. The total deviation of the it AS the 
(a) 20 (6) 240° <9y 7 
(c) 360° - 20 (d) 1809 =, 


lane mirror is approag 
- Pet, Your image shall 


lined, th eath 


hing you at lo 


ith a speed of APProah yoy 
[ay + 10cm so! (O)- 10 em ¢t 
(c) + 20em st ()-20em¢t, 


When a convergent beam of 
dent on a plane mirror, 
formed is 

(a) upright and real 

(b) upright and virtual 

ted ant virtual 


light is ing. 
the image 


(ce: 
(d) inverted and real, ~ 

A dice is placed with its one edge parallel 

to the principal axis between the Principal 

focus and the centre of curvature of a 

concave mirror. The shape of the image is 

{a) cube (b) cuboid 

(c) barrel (d) spherical. 

Acar is fitted with a conyex mirror of fo- 
cal length 20 cm. A second car 2m broad 
and 1.6 m high is 6 m away from the first 
car. The position of the second car as seen 
in the mirror of the first carJs 

(a) 19.35 em (b) 17.45 em 

(c) 21.48 em * (d) 15.49 em. 

A plane mirror reflects a pencil of light to 
form a real image. Then the pencil of light 
incident on the mirror is 

(a) parallel 


(b) convergent 

(d) any of these. 

Itis necessary to illuminate the bottom of 
A well by reflected solar beam when the 
light is incident at an angle of a = 40° to 


(c) divergent 
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(Bem 
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(¢) necessary} 


bi plane or concave 

7 Conve (df) eremanily concave. 

Ba d 
pet Ftor forms an image of mag: 

oT 3 The object distaner. if focal 
length of mirror vs 24 maybe 
(Rem. 2tem () lem, em 
(0132 cm caly {d) 16 emoaly. 

§4. Two plaae mirrors are inclined to one an- 
other at an angle of 40°. object is 
placed in between them. The number of 
images formed due to reflection at both 


Murrors is 
(a) Infinite os 
(18 (d)6. . 


63. The sun (diameter d) subtends an angled 
radian at the pole of a concave mirror of 
focal length f. The diameter of the image 


of sun formed by mirror is 
ey wer 
wy @ 2. 


66. A point object is placed at a distance of 
30 cm from a convex mirror of focal length 
30 cm. The image will form at 
fa) infinity (b) pole 
(¢) 15 em behind the mirror 
(d) No image will be formed. 

67. A candle is placed before a thick plane 
mirror. When looked obliquely in the 
mirror, anumber of images are seen from 
the surfaces of the plane mirror. Then 


—<—<—<—$_———— 


(a) first mage ts brightest 
()) second image is brightest 


fe) thind image ts brightest 
nd second any brighter 


(d} all images bey 
68. An object ts placed ata distance of 10cm 
from a concave mirror of radius of curva- 
ture 0.6 m. Which of the following state- 
ments is incorrect ? 
(a) The image is formed at a distance of 15 em 
from the mirror 


(b) The image formed is real 
the size of the abject 


te) The image is 1.5 tin 
(d) The image fornned is virtual and erect. 

69. Monochromatic light of wavelength ), 
travelling in medium of refractive index 
ny ‘enters a denser medium of refractive 
index n. The wavelength in the second 
medium is 


cey34(] ; (b) 2,(42) 


(odd, (d)ry (==) 
1 


tern, (2="} 
2 


70. How will the image formed by a 
convex lens be affected, if the 
central portion of the lens is 
wrapped in black paper, as 
shown in the Fig. 6? 

(a) No image will be formed 

(b) Full image will be forined but it 
is less bright 

{e) Full image will be formed but > 
without the central portion Fig. G 

(d) Two images will be formed, one due to cach 
exposed half. 

71. The critical angle for light going from me- 
dium X into medium Y is 0. The specd of 
light in medium X is v. The speed of light 
in medium Y is 


(a) v (1 cos 0) (b) vicos 0 
(ec) v cos 0 (d) v/sin 0 
(eu sin 0 


72. Adiver Inaswimming pool wants to signal 
his distress to a person standing or the 


Emporium: Competitive Physics (Objective) 


cdgo ofthe pool by Mashing his water-proof 
Mash light. 

(a) He must direct the beam vertically upwards, 

(b) He has to direct the beam horizontally, 

(c) He has to direct the beam at an angle to the 
vertical which is slightly less than the 
critical angle of incidence for total intema} 
reflection. 

(d) He has to direct the beam atan angle to the 
vertical which is slightly more than the criti. 
cal angle of incidence for the total interna} 
reflection. 

73. A glass concave lens is placed in a liquid 
in which it behaves like a convergent leng, 
If the refractive indices of glass and lig- 
uid be ,H, and ,, respectively, then 
(4) aby = aly () My < aH 
(€) sly > ably (d) Hy 2 3 up 
74. Aconvex lens of power + G dioptre is placed 
in contact with a concave lens of power~ 
4 dioptre. What will be the nature and fo. 
cal length of this combination ? 
(a) Concave, 25cm —(b) Convex, 50 em 
{c) Concave, 20 cn (d) Convex, 100 em. 
75. A concave lens of focal length 20 cm pro- 
duces an image halfin size of the real ob- 
ject. The distance of the real object is 
(a) 20 em (b) 30cm 
(c) 10 cin (d) 60 cm. 
76. Aconvex lens of focal length 1.0 m anda 
concave lens of focal length 0.25 m are 0.75 
m apart. A parallel beam of light is inci- 
dent on the convex lens. The beam emerg- 
ing after refraction from both lenses is 
(a) parallel to principal axis 
(8) convergent (c) divergent 
(d) none of the above. + 

77. Aconvex lens of focal length f produces a 

virtual image n times the size of the ob- 

ject. Then the distance of the object from 
the lens is 

(ai(n-)f (b)in+ DF 


(yw (4p. 
n n 


78. A plane glass slab is placed over letters of 
various colours. Then 


u _ 
ind eet ni better appenens ty bey Pormal 
a 
wee if Letter Appears tobe Phiced | an 
leant 


(co) violet letter appears ty by Tt 

a) qreen letter appears to be fal 
wavefront AB moving in a 

79 "a plane glass surface xy 


fyqure- Its Position CD alt 


| lass sinb j 
through ar 8 Bhown al 
normals drawn atA and D, The reece 
index of glass W.r.t. air is Riven by itive 


ise Nona 
404 Neat 


TiN intideng 


Guss 


ain 0 AB 
gin (d) AB 
(0) Sino” cD 


Ifin a plana-convex lens, the radius ofcur. 

vature of the convex surface is 10 cm and 

the focal length is 30 cm, the refractive 

index of the material of the lens will be 

(a) 1.5 (5) 1.66 

(e) 1.33 (d)3, 

gi. Ih, represents refractive inde> when a 
light ray goes from mediumi to mediumj, 

then the product 241, * st) x itis equal to 


80. 


(a) Hy (5) sy 
oo (dd uy 
aha 


82. In-Fig. 8, the liquids L,, L, and L, have 
refractive indices 
1.55, 1.50 and 
1.20 respectively. 
Therefore, the ar- 
rangement corre- 
sponds to 
{a) biconvex lens 


(6) biconcave lens 
(c) concavo-convex lens 
(d) convexo concave lens. 
83. A convex lens A of focal length 20 cm and 
a concave lens B of focal length 5 cm are 


ee at, 
om the sama axis with the distance 


d 
Pi rin MWeparaitel beam oflight ~ 
then ducince 7 fe ase parallel team, 
(a 24 mi will be 
(bits 

& reel 7) 
Ffeelsrieay feral length of 20 em. 
phen 90 ay n of light converges toa 


4) laficity 


85, bY 10cm (A) 40 om 
+ A mark at the bettnm of a beaker 0.1m 
“<P Appears raised by 0.01 m when the 
beaker is filled tll brim with a liquid, Re- 


(6129em 


he index ef liquid is 
210 tb Uo 
(3n0 te 109. 


The radii of curvature of the two surfaces 
ofa lens are 20 em and 20 em and the re- 
fractive index of the material ef the lens 
is 15. If the lens is concavo-convex. then 
the foral length of the lens is 

(2) 2¢em (3) 10 em 

(c) 1S en (d) 120 em. 

Alens forms a virtual image 4 cn away 
from it when an object is placed 10 em 
away from it The lens is a... lens of fo- 
cal length... 

(a) ceneave, 6.67 em (5) concave, 286 cm 
(c) conver, 286 em 

(d) may be concave or convex, 6.67 om. 

88. If the space between the 

lenses in the lens 

combination shown were 

Gilled with water, what would 

happen to the focal length 

and power of the lens 


87. 


combinaticn ? Fig.9 
Focel Length Power 

(a) Decreased increased 

(8) Decreased = unchanged 

(c) Increased unchanged 

(d) Increased decreased, 


—$$__$———— 
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waft) sen) 
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Aeonvex tenn of focal lengthy an farina 


real, inverted image (vice in sie of the 
object, Tho dintance af the object fromthe 
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(aOfan 
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(0: 160m 
(bin 
Anolyect in placed ata dintan 
nconvex tens of focal length 
will be 


(12 from 
he dnAge: 


(a) at one of the foci, virtual and double its size 
(b) at 3/2 real and inverted 
(ed at 2, virtunl and erect (1) none of these. 
Consider an equiconvex lens of radius of 
curvature Rand focal length f. If f > R, 
the refractive index of the material of 
the lens 

(a) is greater than zero but Jess than 1.5 

(b) is greater than 1.5 but less than 2.0 

(c) is greater than one but less than 1.5 

(d) none of these: 

Two convex lenses 
placed in contact 
form the image of a 
distant object at P. If 
the Iens B is moved P 
to the right, the 
image will 

(a) move to the Ieft 

(b) move to the right 
() remain at P 


(d) move either to the left or right, depending 
upon focal lengths of the lenses. : 


” Fig. 10 
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98. 


99. 


Fig. 11 
A convex lens forms an image of an ob- 
ject placed 20 cm away from it at a dis- 
tance of 20cm on the other side of the lens, 
If the object is moved 5 cm towards the 
lens, the image will move 
(a) 5 cm towards the lens 
(b) 5 cm away from the lens 
(c) 10 cm towards the lens 
(d) 10 cm away from the lens. 
A converging lens is to project image 
ofa lamp 4 times the size of the lamp on 
a wall at a distance of 10 m from the lamp. 
The focal length of the lens is 
(a)1.6m (b) 2.67 m 
(c)4.4 m © (d)- 1.6 m. 


A lens behaves as a converging lens in air 
and a diverging lens in water. The refrac- 
tive index of the material of the lens is 


yon 
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(d) morving slower than ite real ¢ 
from the real distance, 


A convex lens is placed in contact with a 


mirror ox shown, 
— 2 TA| 


If the space 
Err tHe 


between them is 
Fig. 13 


$404 ar alu, 


Med and awe y 


filled with water, 

its power will 

(a) decrease 

(b) increase 

(e) remain unchanged 

(d) increase or decrease depending on the focal 
length. 

A convex lens of focal length 10 cm 

concave lens of focal length 20cm are kept 


5m apart. The focal length of thecquiva- 
lent lens is 


(a) 229 om (6) 18m 
13 
(c) 30 em (d) £ cm. 


An equiconvex lens is cut into two halves 
along (i) XOX’ and (ii) YOY’ as shown in 
Fig. 14. Let", (7 be the focal lengths of 
the complete lens, of each half incase (i), 
and of each half in case (ii), respectively. 
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106. Two lenses of promers P, and P, placed in 
Contact form an achromatic doublet The 
107. 


Out of a convex, a plano-convex and a 

concave lens of equal focal length, which 

one can obtain a sharp image of an 

object ? 

(a) Any lens (3) The convex leas 

(c) Planoconvex lens (d) The concave lens. 

108. Fig-t5 represents three cases of a ray 
passing though a prism of refractive angle 

A. The case corresponding to minimum 

deviation is 


AAS 


Fig. 15 
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109. White light ix incident an thin walled 
hollow glass prism The emergent HRht rs 
lad white 
(hy coloured wath violet deviated Irast 
(ed coloured with red deviated least 
(d) none of the above 

110, The refracting angle of a prism ts Aand 
refractive index of material of a prism 1s 
cot A/2. The angle of minimum deviation 
is 
fa) 181 3A (b) 180" + 2A 
(c)90"-A (d) 180" - 2A. 

111. Which one of the following represents 


correctly the variation of angle of deviation 
(5) with angle af incidence (i) for refraction 
atat prism ? 


to) 46 
oO i oo Ue 
(a) (b) 
4 
6 4 
fol 1. gl 
() 1 (d) 
Fig. 16 


112. A combination is made of two lenses of 
focal length f and f‘ in contact. The 
dispersive powers of the material of the 
lenses is w and w', The combination is 
achromatic when 
(a) Ww = Ong. 01 = 2a, 1 = OF 


+ WY = Wyo! = 2, p02 L 
2 


119. 


Emporuan Competitive Phynten (Oljectie) 
: L 
fe) nna oye © Phy f* > (£) 


(maint #2 fH 
What ix the angle of incidence for an 


equilateral prism of refractive index V3 no 
that the ry ix parallel to the base inside 


the prism? 


(a) 30" (by) a5° 
(c) GO" (d) either 30° or O°, 

114. For two lenses of the same material to 
achieve achromatism, one should put them 
(a) in contact (h)a finite distance part 
(c) in any manner (d) Nothing is certain, ~ 

115. An astronomical telescope of tenfold 
angular magnification has a length of 44 
em. The focal length of the objective is 
{a)4em (b) 40cm 
(ce) 44. em (d) 440 cm. 

116. When the length of a microscope tube is 
increased, its magnifying power 
(a) decreases (6) increases 
(c) does not change 
(d) may increase or decrease. 

117, Ifa Galilean telescope has objective and 
cyepicce of focal lengths 200 cm and 4 cm 
respectively, then the magnifying power 
of the telescope for normal vision is 
(a) 42 (b) 50 
(c) 58 (d) 196, 

118. An astronomical telescope in normal 


adjustment has a converging cyepicce of 
focal length 5 cm separated by 85 cm from 
the objective lens of focal length f,, Which 
one of the following pairs correctly gives 
the position of the image and the value 


of f,? 

position of image & 
(a) 90 cm from the eye 80cm 
(b) infinity 80cm 
(c) infinity 90cm 
{d) least distance of distinct vision 80cm 
(c) least distance of distinet vision 90 cm. 


A single converging lens is held close to 
the eye for use as a magnifying glass. For 


maximnuln magnilying pawns th ; 


420: 


21. 


122. 


123, 


must be positioned x that M4 dong 


the object is just Loyond the 
s 


of the He Waiver, 


(a) 


(py the objeet is in the trea} plane ¢ 


Ath 
image is inthe fecal Fs Mt bong 


(cr the : N30. 06 th bn 
iy ehe Image the near print of the or 
the isnaKe distance is just less than y, 
Jength of the lens bie 
ae objective ofa telencope, a 
a afinily, is taken outandaaiies 
Lis placed in its position, A sharp imap, 
of the slit is formed by the Cyepicee a 
certain distance from it un the sther side 
The length of this image is!, Then a le, 
fication of telescope is gni- 


(e) 


sing 


length 


L 2b 
=e (b) — 
@) 3E an 
L L 
—_ (d) = 
7 Te 


In a double slit experiment, instead of 
taking slits of equal widths, one slit - 
made twice as wide as the other, Then, in 
the interference pattern ; ‘i 
(a) the intensities of both the maxima and the 
minima increase 
(b) the intensity of the maxima increases and 
the minima has zero intensity. 
{c) the intensity of the maxima decreases and 
that of the minima increases 
(d) the intensity of the maxima decreases and 
the minima has zero intensily, 
Cohcrent light is incident on two fine 
parallel slits S, and 
S, as shown in Fig, 17. | 
Ifa dark fringe occurs 
at P, which of the fol- s, 
lowing gives possible 
phase differences for 
the light waves arriv- 
ing at P from S, and 
S,? 
2? 
(a) 2n,4n,6n... 
(c)n, 3n, 5 0... 
(e) n, 2n, 37... 
If white light is used in Young's double 
slit experiment, 


Fig.17 


(b) 1/2 x, 5/2n, 972 F... 
(d) V2 x, 3/2 1, 6/2 nn 
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125, 


126, 


127, 


Way 
: very Large termba ef eclenared fringes with 
Arttal whity trices can be wen 
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C1 VePY bow ee heared Eo 
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ot can be wen, with 
Me Seiten Ueang cloner tn the 
Wal he fringe 
1A) wepy 5 
‘ery fom eilenserd fringes ean be ween with 
MMR order red fringes being tlaner to the 
Central white fringe. 
doukle slit arrangement produces inter- 
Crence fringes for sodium light (2. = 589 
Am) that have an angular separation of 
450 « 10+ radian. For what wavelength 
Would the angular separation be 10% 
Brealer ? 
(a)527 am (6) G45nm 
(0722 nm (d) 449 nm. 
In Young’s double slit experiment, the in- 
tensity of central maximum is I,. If one 
slit is closed, the intensity at the same site 
is 


(a), () 
. 16 
] I 

(2 Ty 
7 2. 


Inawave, the path difference correspond- 
ing to a phase difference of 9 is 


(a) = bt 

a ty ° 

(ec) a, (d) Ae. 
an n 


In the sct up 
shown in Fig. 18, 
the two slits S, 
and S, are not 
equidistant from 
the slit S. The 
* central fringe at 
Ois then 
(a) always bright 
(b) always dark 
(cl either dark or bright depending on the 
position of S 
(d) neither dark nor bright. 


Fig. 18 
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In Young's double shit experiment, the in- 
of light at a point on the sereen 

the path difference ts 2. = 1. The in- 

of light at a point where the path 

difference becomes 2/3 is 
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130. Sources 1 and 2 emit lights of variable 
different wavelengths whereas 3 and 4 
emit lights of different intens The 
coherence 
(a) can be obtained by using sources } and 2 
(b) can be obtained by using sources 3 and 4 
{c) can not be obtained by any of these sources 
(2) since contra st suffers when sources J and 

dare used sa coherence can not be obtained 
by using sources J and 4. 

In a spectrometer experiment, monochro- 
matic light is incident normally on a dif- 
fraction grating having 4.5 x 105 lines per 
metre. The second order line is seen at an 
angle of 30° to the normal. What is the 
wavelength of the light ? 

(a) 200 nm (6) 556 nm 

{c) 430 nm (d) 589 nn 

{e) 500 nm, 

132. A diffraction grating is ruled with 600 lines 
per millimetre. When monochromatic light 
falls normally on the grating, the first- 
order diffracted beams are observed on the 
far side of the grating each making an 
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Which one of the following characteristicg 

of electromagnetic waves is needed to ex. 

plain the spectrum produced when white 

light falls on a diffraction grating ? Ele. 

tromagnetic waves can 

te) interfere (hy be linearly polariseg 

(c) change speed in passing from one materia] 
into another 

{d) be rected with little, ifany, loss in inten. 
sity 

(c) be shown to exchange energy with matter 
in quantised amounts. 

Fig. 19 represents the intensity distribu. 

tion produced on a screen by the diffrac. 


tion of light. 


Intensity 


distance across screen 


Fig. 19 


This can be achieved by using 

(a) one single wavelength and a single slit 

(b) one single wavelength and a double slit 
(c) two separate wavelengths and a single slit 
(d) two separate wavelengths and a double slit 
(e) two separate wavelengths and a diffraction 

grating. . 

A parallel beam of wavelength A = 450 
x 10-° m passes through a long slit of width 
2 x 104 m. The angular divergence for 
which most of light is diffracted is 
(a) 5.4 x 104 rad (b) 4.5 x 10% rad 
(c) 3.5 x 10-3 rad (d) 2.8 x 10+ rad. 
When a monochromatic beam of light is 
passed through a plane transmission grat- 
ing at normal incidence, the position ofthe 
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amage 1 nb ; 
cd at D. The 


acted Images 


from 3 jromt eemarne 


a 
dit B corre- o> fietaain the ayuure of the 
7 d to first ane — fie licelenesors 
eco! order aie f Mn. ibween. pelarinet 
fenton What shall happen if th, Seis Fe Ske prlanced, it must be 
is replaced by a source of longer wave. 4 
7 
iene B shall shift away freen fy 


) 
i Aand By shall shift towards 1 
tb 


(All the three shall shift w the night 
d) All the three shall shift ty the left 
Unpolarised light converts to Partially ep 
plane polarised light by many processes 
Which of the following does not do that? 
ta! reflection (b) diffraction 
(cydouble refraction (d) seattering 

Ifa wave can be polarised, it Must be 
(a) an electromagnetic wave 

(p) a longitudinal wave 

(oa sound wave 

(¢) a transverse wave. 


(da stationary wave 


A beam of light & 

AO is incident 

onaglass slab (p 

= 1.54) in the di- 

rection shown. 

The reflected 

ray OBis passed 

through a Nicol . 

prism. On viewing through a Nicol prism, 

we find on rotating the prism that - 

(a) the intensity is reduced down to zero and 
remains zero . 

(b) the intensity reduces down somewhat and 
rises again 

(c) there is no change in intensity 

(d) the intensity gradually reduces to zero and 
then again increnses. 

140. Which effect provides direct experimental 

evidence that light is a transverse, rather 

than a longitudinal wave motion ? 

(a) Light can be diffracted. 

(b) Two coherent light waves can be made to 
interfere, 


139. . 
4 
Z 


Fig. 21 


‘dia Fiterary wave 


018 tramereese w. 


HZ tf 
$2 Uther tgret efiiche and the polanning an- 


Be for a ven medium are ¢_ and 1 ree 
oe then from Brewster's law we 


‘eles comes 


(ble, wcoshs 
(he. eeumy (dic. we wets 


MA wavefront 


. 
AB paving | 
through a aps - > 4 
temC emerges 7 
a € 


as DE. The 
system Ccould Fig 22 
be 
fadasht 
()abipnem 
(ca prism (d) a glass slab. 
144. 23 shows a wave front P passing 


through two systems A and B, and 
emerpng as Qand then as R. The systems 
Aand B could, respectively, be 


Fig. 23 


(a) a prism and a convergent lens 

(b) a convergent lens and a prism 

(ec) a divergent lens and a prism 

(d) a contergent lens and a divergent lens. 


Scanned with CamScanner 


ww Questions for Self Assessm 


Pp 


Indicate the corre! choice among 


Two 250 ed lamps hang one above the 
$3.5 ny from the 


other at heights 25 ma) 
te tluminance on 
m from the 


ground, The opproun 
he ground above which the 


the cround at a distance 0; 


< hang ts 


(by 23 lus 
(dS dun 


escent tuke which is equivalent lo 


A fluc 

al ource of 100 candice mt is hung 
horizontally 5 m ahave the table, Then the 
illuminance ata point vertically below the 
tube is 

(a) 40 lux () 40 phot 

te) 8 lux (18 phot 


. The separation between the sereen and a 


concave mirror is 2r. An isotropic point 
source of light is placed exactly midway 
between the mirror and the sercen. Mir- 
ror has a radius of curvaturer and reflects 
100% of the incident light. Then the ratio 
of illuminance on the screen with and 
wihout the mirror is 

(a) 10:1 (by2e1 

(ce) 10:9 (d)9:1, 

A Inmp rated at 100 cd hangs over the 
middle of a roypd table with a diameter 
3 metre at @fheight of 2 metre. It is 
replaced by a lamp of 25 cd and the 
distance to the table is changed so that 
the illumination at the centre of the table 
remains as before. The illumination at 
edge of the table becomes X times the 
original. Then X is nearly 


J 16 
(a5 Was 
1 1 
= - 
aor (a) 5. 


A table is illuminated by two identical 
bulbs suspended at the same height/, one 
of them heing on the normal passing 
through tne middle of the table and the 
other, on a straizht line forming an angle 
of 45° with this normal and at distance h 
from the lamp. The second bulb has fused. 
By what distance should the first bulb be 


ent 


Emportum. Competitive Phystes (Olyectivey 


the following options (a), (b), (c) and (d), 


= 


9. 


10. 


brought closer to the table to retain the 
same tluminance at the middle of the 
table? 

(a) By 0.0194 (b) By 0.038 h 

(ce) By 0.057 (d) By 0.14 h. 

With a concave mirror, an objcct is placed 
ata distance x, from the principal focus, 
on the principal axis. The image is formed 
ata distance x, from the principal focus, 
The focal ler::th of the mirror is 


(a) x,x, (by a a 


af 
2 


Two vertical plane mirrors are inclined at 
an angle of 60° with cach other. A ray of 
light travelling horizontally is reflected 
first from one mirror and then from the 
other mirror. Then the resultant 
deyiation is 
(a) 60° 

(c) 160° 


(d) Y*122. 


(6) 120° 
(d) 240°, 


; A luminous abject is placed 20 cm from 


the surface of a convex mirror. A plane 
mirror is set so that the virtual images 
formed in the two mirrors coincide. If the 
plane mirror is at a distance of 12 cm from 
the object, then the focal length of the 
convex mirror is 

(a) 10 cm (b)5 cm 

(c) 20 cm (d) 40 em. ‘ 
Aray reflected successively from two plane 
mirrors inclined at a certain angle 
undergoes a deviatian of 300°. The number 
of observable images is 

(a) 60 (6) 12 


(11 (a) 5, 


A ray of light traveXing parallel to the 
principal axis of a concave mirror strikes 


the mirror at an angle of incidence 0. If” 


radius of curvature of the mirror is R, then 
after reflection, the ray mects the principal 
axis at a distance x from the centre of 
curvature. Then x is 


ny 
i 


Ziean 


i Wh 
th yenell 
Jan 2m tall stands & rm in fre 
eee vertical plane mirror, Then 
tetpeonded at his eye by his j 
Jane mirror is 
jay 4 radian (6)02 radian 
(0) 0.2 degree ALVOA degren. 
5 of light striking a horizontal ls 
mirror at 45° get reflected from a seat 
irror horizontally. The angle of ineling. 


aint 


a 
T the angie 
ARE in the 


tion of the second mirror with the first mir. 
ror is 
(a) 45" (b) Gor 

(dv 145", 


(c) 67" 30" 
An object is placed aba distance uf 2f fram, 
a concav nr of focal length £ Light 
reflected fron the mirror falls ona plane 
mirror. The distance of the plane Mirror 
from the concave mirror equals /, The 
luc to 
Ml plane 


distance of the tinal una 
fection at both coneay 


re 
mirror) from the concave mirror is 
(af (b) rz 

(c) fF (d) Zero, 


14, Aconcave mirror is placed ona horizontal 


table, with its axis directed vertically up- 
wards. Let O be the pole of the mirror and 
Cits centre of curvature. A point object is 
placed at C. It has a real image, also lo- 
cated at C. If the mirror is now filled with 
water, the image will be“ 

(a) real and will remain atC 

(b) real and located at a point between C and &, 
(c) virtual and located at a point between C 

and O 


{d) real and located ata point between Cand 0. 


5. An object is placed asymmetrically be- 


tween two plane mirrors inclined at an 
angle of 72°. The number of images formed 


is 


(a5 - (4 
(2 (d) infinite. 


16. It is desired to photograph the image of 


an object placed at a distance of 3 m from 
a plane mirror. The camera which is ata 


19. A point scurce of 


Mional fy. 


terse yo 


Fror Mat an angle of 20°. The 


es of reflections light undergoes 
‘ore Praching the other end rs 

wiltt Wis 

“180 1d) 20. 


lightBisplacedata 4 
distance Lin frontof 4 
the centre of a x3 
Mirror of width d 


+4 
seceasaseseun 
—— 


hun vertically on a : a 
wallAmanwalksin = [L-® 
front of the mirror 3k 
along a lin lif 

ga line parattel Fig 24 


to the mirror at a 
distance 2L from it as shown in Fig. 24. 
The greatest distance over which he can 
sce the image of the light source in the 


mirror is 
(a) > (rd 
tc) 2d (d) Ad. 


20. Two plane mirrors are inclined to one 
another at an angle9. The incident ray on 
mirror M, is parallel to mirror M,. The 
reflected ray from M, undergoes reflection 
at mirror M,. The final reflected ray is 
parallel to mirror My. Angle 0 is 
(a) 30" (b) 45° 
fe) 60° (d) 90°. 

21. An object is placed at » distance of 25cm 
from the pole of a convex mirrot and a 
plane mirror is sct so that the virtual im- 
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Vv 
pe tonne We bon maniine da tet bo aw 

any pootollag “The done nantie be Hien 

Hrran the lyert The toe at bengtlied the nat 

rnb 


tH them he dhe 


er am the deem 

A erate ot nics 4 
4 ; a Z 
Zw ve placed ert 4 
i frant aba | f 


a” { 

| 

iainaie ini j= 
WM taal length 


Join with ite 


fuee 


auton hue 0 21. 


Satu dietance of fn from the 
rourrar The distance between the imager 
Mtn hond A beutht af inapes of h 
re renpentvarly 


015 NG Gin, Vn, Oe 
(OG Odom, bi MOL Lin OG 
A velucle hoe a devany mirror of focal Ae 
Jenyth 20 cn. Another vetucle of dimen: 
sionn Ze A VIG in Gm away fromthe 
mmuirror of first vehicle, Position of the sec 
ond vehicle am ween in the mirror of first 
vehicle wy nearly 
(ay 800m WiAcn 
(GO cn hom 
A ray of light makes an angle of 20° with 
the horizontal and strikes a plane mirror 
which is inclined at an angle 0 to the hori- 
wontal. The angle for which the reflected 
ray becomes vertical, is 
(a) 40" 
(c) 55° 
Figure 26 shows two 
plane mirrors and an 
object O placed be- 
tween them. What 
will be dist«nce of the 
first three images 
from the mirror M, ? 
{a)2em Sen, 14cm 
(b) 2 cin, 12 em, 16 ein 
(ce) 2cm, 1B em, 22 cm 


(b) bO* 
(d) 100". 


29. 


. (2 em, 24 cm, 38 cin. 


npraiin Compe tition Phpeive (MY Minny 


Ce 
penne nein 
TLL 
at an angle af 
Wi Aanpielt 
Cnn HA 
WA utan ane 
Phe gefierted 
ray tan mane 
1A, ia parallel Uy nonin YA, we shorn yy 
Vin. 21. The ange A ineidenen tis 
yur WN 

“ut MT. 


A peran ha aing ta ont An 1771p, 

Vin high Waits into a ple: miter fined og, 

the wall, Then the minima berth (A thy 

plane erarrur for barn Ur eee the CM Nergay, 
»innaye Ae will behind ban, is eral yy 
hitm 


hin “1 


“arden 
(4 (Mit. 
Tu plane mirrors are placed at right 
angle ty cach other. A. ey 
ray strikes one mirror 
atan angle of incidence 
i, such that it is alco 
reflected from the © 
second mirror, The 
reflected ray is 
fa) parallel to the ray inci- 
denton the first mirror 
and the two are in the opposite directions, 
(b) inclined at an angle 2 with ray incident on 
first mirror. 


(c) parallel to the ray incident on the first mir. 
ror and the two are in the same direction, 

(d) inclined at an angle ¢ with incident ray on 
first mirror. 

A short linear object of length 6 lies along 

the axis of a concave mirror of focal length 

fata distance u from the pole of the mir- 

ror. The size of the image is equal to 


(ayo (s4" (yb (5) 
oo (*=) ; wo(75). 


————$—$ | 
a Se ee re ee 


y, VIM AAI 8) y 


ut Maw "he prea 


tity 


4 he 


o——~. 
tm 
atl ay, 
\ 
19) tha Oo 
v : 
ri “) “a % 


Viney 


gi.- The Tmage of & lurrancss Path geet O 
placed On the princizal any Aa ur a 
mirror distant 2 ern fron Wearcahen with, 
itself. When a few drogn of 3 liquid are 
placed on the mirror, the hiert hag S be 
placed 15 em from the mirror t ‘ 


ave 


5 , r make ite 
image coincide with it. The refractive in- 
dex of the liquid is 
(a) 4 (5) HM 

15 15 
w-15 . 15 
(T5304 Oa 

32, For a convex mirrar, the variation of u us 

v is given by 


| 

co mM to wy 
Ne 
Pgs oe a 8 


Fig. 30 . 


= o% 


Be. Nvnner, 
i hea tne Gemas pase ly + 5h 


WM ion tows of 


nee oh 


Oot SU he ye 
OO! toderhip tw = 


Vie botnet polncaatyaer ee 
tutater f thea syrtr true he cocneg 

we he 

who yew 

Wak tio’ 


A. heey tpn erin sperae 
rtaee leew the 


tot ote 
oer 
Wear th on Wlare ng 
Wot A tA ater? 


Oe weiter 
Aarseae, 


ANN UT toe sete tn whe tn 
tetea! ate - 


Hs mega Ge retest ene ten where 
WA thrwrcat rey: whi tng eget 
wah ther 

"18 sm hee tse: Oe cots! sage, wt the 
Lt it refeet ant the eae of evieer. 
teas greater than 4 

(Ais ore the wher wee, oe 
Wight elected an the tage f relrecine 


1s bea thse, 5 


(0) ME is bees thee, the ‘esl angie, some ght 


srelrarted sok he serie ch relieesen: in pee 

thes the crits! 

35. A panto Ou 
azisefa conver lens 

ata cistance of $0 
diameter of thr lens 
placed 69 em to th 
distance h below the principal axis, then 

the maximum value of h to see the imege 


wall be 
{a)0 (b)Sen 
(c)25 em, (2) 10cm 


36. A ray of light from a denser medium 
strikes a rarer medium at an angle of in- 
cidence i. The reflected and refracted rays 
make an angle of =/2 with each other. If 
the angles of reflection and refraction are 
rand’, then the critical angle will be 
(a) tans! (sin :) 
(c) sin“! (tan 0) 


(b) sin“! (snr) 
(d) sin® (tan 7). 


37. Array of ingnt travelling in glass | p= 3) 
is incident on a hurizontal glass sir sur- 
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38. 


39. 


40. 


41, 


face at the critical angled, [fa thin layer 


1) 
wf water [jb =) as new poured on the 
3 


“glass air surface, the angle at which the 
Tay emerges into air at the water-air sur 
face is 


Baal 


(a) 60" 
(eo) 90° 


(by Ae 
(el) 180%, 
A ray of light enters a rectangular ylass 


slab of refractive index V3 atan angle of 
incidence 60°. It travels a distance of fem 
inside the slab and emerges out of the slab. 


The perpendicular distance between the 
incident and the emergent rays is 


(a) 53 em (b) 2 om 
2 
{e) sft cm (d) Sem. 


A ray of monochromatic light is incident 
on the refracting face of a prism (angle 
75°), It passes through the prism and is 
incident un the other face at the critical 
angle. If the refractive index of the prism 


is J2, then the angle of incidence on the 
first face of the prism ix 

(ane (by so" 

(d) GO", 

A point source is located 275 cm below the 
surface of a lake, The aren of the surface 


that transmits all the light that emerges 
from the -urface is 


(a) 0,504 m? 
st) 30.5 eet 


(ce) 45° 


(6) 3.04 mé 
(4) 304 m4, 
A piano-convex lens when silvered on the 
plane side behaves like a concave mirror 
of focal Jength 60 cm. However, when sil- 
vere on the convex side it behaves like a 


12, 


43. 


Aa, 


concave mirror of focal length 20 em, Then 
the refractive index of the lens in 

Wao (Ws 

to LO (20. 


An object is placed nt a distance of Be 
from a convex lens of focal length 19 cm, 
On the other side of the lens, a convex mip. 
ror is placed at its focus such that the im. 
age formed by the combination coincides 
with the objcet itself. The focal length of 
the convex mirror is 


(a) 20cm (b) 10 cm 
(co) 15cm {d)30 em, 
ACB is a right- 7 


angled prism UJ B 
with other an- 
gles as 60° and 


30°. Refractive 
index of prismis 5 
1.5, AB has a Fig. 32 


thin layer of liquid on it as shown, Light 
falls normally on the face AC. For total 
internal reflection, maximum refractive 
index of liquid is 

(a) 14 - (b)13 

(c) L2 “(1.6 


The distance between the convex lens and 
plane mirror is 5 cm. The parallel rays of 
light are incident on the convex lens, After 
reflection from the plane mirror, the final 
image is formed at the optical centre of 
the lens, The focal length of the lens is 


(a) 10cm (b) 20cm 
(c) 40 cm (d) Sem. 
A fish isa litle Ai 

ir 
away below the — —water 


surface of a , “5° 
lake, Ifthe criti- 
cal angle is 49°, atue< 
then the fish 
could see things " 

8 
above water Hipias 
surface within an angular range of ‘0° 
where 


(a) 0= 49" (b)0=98° 


(ce) 0= 24 $ {d)0= 90°, . 


AG. 


48. 


49. 


A light source Dlaend 
water beaker 9 cm de OM tho f 
nnted circle of riding + 


Aton og 
ty 


rt £ 
US eet 2M lupe ww 


'a) they 
If the depth of the ite OTE in 
reased to 18 Malet in the ‘ittnen, "\temrey th (1) dinergent i beth 

inc 10 18 ern, the ra, “ther 4 he Ot ony 
minated circle wil] hy “4U8 of 4, ily. etal Ponty 
(a) Gem (by 46 Hrd in aie lonies at i 

y22cm ide (i ad inning ah Yetically be. 
teyaaen "WAN em tha bie seat MME £19 the horght of 
Whal is the rely. , Nth deny 7 Surface of water and 7 
ieacbotwacn re: s — of the fish below the surface 
fractive indices, Seried ie Gistance of the fith as ob- 
and pH, if the be. oF (70 thee ty 18 (Gren: y= mfenee 
haviour of light Ld ' ter wet airy 
rays is 05 shown a5 ree 
in Fig 34. "usey a a 

ili ps sy 
(a) fy < Hye Hy = py Tn the grviosye wy 
: ~ Question, the dista: 
(D) My < Hye Hy = Fig. 44 a4 cbseried by the fake 
(0) hy < Ha < My (>>, lalrey ‘nee? 
A ray of light falls on.the « iene 
ry Su A 

spherical glass paper wei Face of 2 Viney UD + yy 


IKhL making an 


angle alpha with the Rormal and is re. 


53. A print Source of liz} 
fracted in the medium ai 


cht is placed  m below 


The angle of deviatiun ith Sebel sinha: mee at 3 ‘Tha mish. 
: FG aya le emergent . 
eneibs alrestior ofthe incident ray ie : dy re hee mee bs! 
ms pha beta) (8 tbeta~atphay ater to cut offall light comingeut of wa- 
i pha — bets = ter, is 
(c) 3 (alpha — beta) (d)2 (alpha ~ bets), (a) 1m hiém 
Shown in the Fig. 35 here HENS wetg (4m (d)dm 


is a convergent lens 
placed inside a cell filled 
with a liquid. The lens 


54. A convexo-coneave lens has faces of radii 
Semand4cm Tespectively and is madcof 
glass of = 1.6. The focal length of the 


has focal length + 20 cm lens is 

when in air and its (a) 20cm (8)30em 

material has refractive {e) 40 em 1d) 50 on. 

index 1.50. If the liquid 58. The relation be- 

has refractive index 1,60, tween n, andn, if 

the focal length of the . the behaviour of 

system is Fig. 35 light ray is as a 

(a) + 80 cm (b)-80 cm shown in the Fig. 

()- 24cm (d)~ 100 em. ais ‘ 

A liquid of refractive in- (a)ay> ny - 
quid of refractive i 

dex 1.6 is introduced be- 3 (b)n,>>n; Fig. 37 

tween two identical fe)ny>ny 

Plano-convex lenses in d)ny=ny 


two ways P, Q as shown. 
If lens material has re- 
fractive index 1.5, the 
combination is 


56. The critical angle between an equilateral 

prism and air is 42°. Ifthe incident ray is 

2 perpendicular to the refracting surface. 
then 
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59, 


60. 


fay after devtatvon at wall ermenace: Fyn Ue See" 


ond refracting sue hace ; 
aay the secette 
Jyeutarly from third 


Tha’ 
(b) iLas totally reflected wv 


andemergrs pal perpen’ 
surface nat ia 
fed it is totally reflected from the ees te 
Thied refracting surfaces and Gnally 


emerges out from she first surface 


Ad) atastotally nefles ted front all the Uiree sides 


of prism and never 
Angle of prism is A and ats one surface 
silvered. Light rays falling atan angle of 
incidence 2A on first surface return back 
through the same path after suffering 
reflection at second silvered surface, 
Refractive index of the material of prism is 
(by 2cos A 


fa) 2 sind 


fed + cos A (ddtan A, 

Light of wavelength 500 nm travelling 
with a speed 2.0 x 10% ms“ in a certain 
medium enters another medium of refrac- 


tive index 5/4 times that of the first me- 


dium, What arc the wavclength and specd 
in the second medium ? 


wavelengthinm —— speed/ns*? 


(a) 400 1.6 = 10° 
(by 400 25% 10% 
te) 500 2.5 x 10" 
(d) G25 1.6 « 10° 
(e) 625 2.0 10%, 


Two thin lenses are placed 5 cm apart 
along the same axis and illuminated with 
a beam of parallel light. The first lens in 
the path of the beam is a converging lens 
of focal length 10 em whereas the second 
is a diverging lens of focal lenght 5 em. If 
the second lens ix now moved Lowards the 
first, the emergent light 


fad remains parallel (hb) remains convergent 


ted rem: 


divergent 

{d) changes fram parallel to divergent. 

fe) changes from convergent to divergent. 
Two similar plano-convex lenses are 
combined toyether in three different ways 
as shown in Fig. 38. The ratio of the focal 
lengths in three cases will be 


Gl. 


wo aw (ii) 

Fig. 8 
22st (byte ted 
ol 2 (dy Qed d 


sition of the virtual image formed ? 
nature of unage distance from lens 
(a) inverted, enlarged — GO cm to the right 
th) erect, diminished 12 cm to the Ien 
(c) inverted, enlarged 60 cin to the leh 
td) erect, diminished 12 cm to the right 
te) inverted, enlarged 12 em to the Ion 


62, A parallel beam of light falls axially on a 


thin converging lens of focal length 20 em, 
The emergent light falls or a screen placed 
30 cm heyand the lens. An opaque plate 
with a triangular aperture, side 1 cm, is 
in contact with the lens. See Figs. 39 (a) 
and (). 


{= 20cm 
‘itareuar | 
apertura | 
Opaque 
plate —>' Scraan Aperiure sida 
30 era on 
(a) (b) 
Fig. 39 


Which one of the following diagrams best 
shows to appearance of the patch of light 
seen on the sereen, 


LIL 


1.5m 1.0m 
(a) (b) 


we Physic (Olycctivey 
——— 


An object is placed 30 cm to the lef of n 
diverging lens whose focal length is of 
magnitude 20 cm. Which one of the fol. 
lowing correctly states the nature and po. 


es EE eS eee 


ores 


63. 


G4. 


65. 


— 
05cm — 
(d) 1Sem 
fe) 


Fig. 40 
Alens formsa real ima 
distance from the obj 
cm and that from the lens 


yom. The graph (Fj i 
variation of y with x, B- 41) sh, 


Be of an of, 


20 39 20 49 
Fig. Al 


It can be deduced that the lens is 
(a) converging and of focal length 10 em. 
(b) converging and of focal length 20 em, 
(c) converging and of focal length 40 em. 
(d) diverging and of focal length 20 em. 
(e) diverging and of focal length 10 em, 
Fig. 42, shows positions 

of an image I of an ob- 
ject ‘O' formed by a lens. 
This is possible if ° 
a) a convex lens i: 
totiekerO Fin a2 
(b) a concave lens is placed to the Ieft of O. 
(c) a convex lens is placed between O and | 
(d) a concave lens is placed to the right of I. 
A liquid of réfractive 
index 1.6 is contained in i Gus 
the cavity of n glass 
specimen of refractive N 
index 1.6 as shown in J Xucua 
Fig. 43. If each of the Fix 43 


40 


poate surfaces has a eadius of curvature 

Rivas the arrangement behaves aa 8 

ui mvnes lena of Coeal length 25 m. 

lien 1g ona of feral length 92m 

bh err Eng lene of Leal length O17 m 
Cmetong lens of fee al length O72 m 

Hes meitent froma medium Lat angle 

Of ineidenee 4 and is refracted into a 

Medium { at ang'e of refraction r. The 

raph sins versus ein ris shown in 


Fig. 44. Which of the follerming eomelumens 
would fit the situation 7 


Fig. 44 


L. speed of light in medium ¥ is times 
tin medium X 


2 speed of ight in medium Yis UWF 
umes that in medium X. 

3. total internal reflection will occur 
above a certain 1 value. 
fa)2and3 (6) 1land3 
(cl) 2enly (d) Jonly 

67. Fig. 45 (a) shows two 
plano-convex lenses in 
contact as shown. The 
combination has focal 
length 24 cm. Fig. 45 (5) 
shows the same with a 
liquid introduced be- 
tween them. If refractive 
index of glass of the 


lenses is 1.50 and that = (wy (b) 
of the liquid is 1.60, the Fig. 45 
focal length of system in 

Fig. 45 (b) will be 

(a) = 120 em. (8) 120 cm 

(ec) = 24m (d) 24 em. 


68. Fig. 46 shows different graphs in casc ofa 
thin convex lens for the formation ofa real 
image. ‘u’ and 'v' are the object and image 
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69. 


71. 


72. 


“ted dh 


distances re- 
spectively. Find 
out the correct 
identification 
for the different 
combinations 
from the 
followings 
(a) graph 1. ifs is 
Sandy istude’ 


(0) graph Il.x is 
and y ist” 

(co) graph IIL, if ise and y is ‘e/ut 

(2) graph IV, ifs is ‘Wu! and y is We". 

A parallel beam of light falls normally on 

the plane surface of a Plano convex lens 

of refractive index 3/2. Ifthe radius of the 

curved surface of the lens is 20 em, the 

beam will be focussed at which of the 

following distances from the lens? 

(a) 20cm (b) 30cm 

{e) 40cm (d) 50 cm. 


Aglass prisni has refractive index /2 and 


refracting angle 30°. Onc of the refracting 
surfaces of the prism is silvered. A beam 
of monochromatic light will retrace its 
path if its angle of incidence on the 
unsilvered refracting surface of the 
prism is 

(a) 0 (b) wG 

(d) 3. 

A diver at a depth of 12 m in water 
(p = 4/3) sees the sky in a conc of 
semivertical angle : 

(a) sin*' (4/3) (b) tans! (4/3) 

(e) sin=! (3/4) (d) 90°. 
Parallel beam containing = 
light of 2 = 400 nm and 0 


sit = 0.8 | 
500 nm is incident on a - 
prism as shown in Fig. 
146. The refractive index 
yLof the prism is given by 
the relation i) c 
0.8 x 10"!* Fig. 47 


HO.) = 1.20 + 7 


Which of the following statements is 
correct 7 


73. 


. A 


. 15. 


76. 


{a) Light of A = 400 nm undergoes total inter. 
nal reflection 

(b) Light of \ © 500 nm undergoes total inter. 
nal reflection 

te} Neither of the two wavelengths undergo 
total internal reflection 

(d) Both wavelengths undergo total intemal 
reflection. 

Arectangular block of glass is placed ong 

printed page lying on a horizontal surface, 

Then the minimum value of refractive in. 

dex of glass for which the Ictters on the 

page are not visible from any of the verti- 

cal faces of the block is 


(a) Qual to (2 (b) more than J 
(c) less than /2 (d)> =< J2. 

Ifa ray of light ina denser medium strikes 
ararer medium atan angle ofincidencei, 
the angles of reflection and refraction are 
respectively r and r’. If the reflected and 
refracted rays are at right angles to each 
other, the critical angle for the given pair 
of media is - 

(a) sin-* (tan r’) (6) sin-" (tan +) 

(e) tan! (sin i) (d) cot~ (tan i). 

A light wave enters from I medium into II 
medium. Its velocity in second medium is 
double than in I medium. For thé phenom- 
cnon of total internal reflection to take 


place, the angle of incidence must be . 


greater than a certain value. This value 
is 

(a) 20° (b) 30° 

(ce) 45” (d) 60°. 

A fish rising vertically up towards the 
surface of water with speed 3 m s-! 
observes a bird diving vertically down 
towards it with speed 9 ms“! The actual 


foie « 4 
velocity of bird is : [civen -4| 


irtleS 


11. 


78. 


°79. 


80. 


The refractive in 


(a) 4.6m! 


()4.0me! 


: 4 
A point source $ jg nae, 4 . 
Ate 


at the battom differ. 
Jayersas shown in p, 7 


any other upper layer is Fig ay 
Ho 
J=Hy- 
p(n) = Hy 4n~ 1g “heten sy, 


A ray of light starts from t 
shown. Total internal eatteS as 
place atthoupper surface ot.) TOM takes 
n equal to = AYer having 


(a) (b)5 


tc) 4 (d) 6. 

A fish, looking up through the 
the outside world contain, ig, 
horizon. If the refractive 
4/3 and the fish is 12 ¢ 
face of water, the radi 
centimetre is 


ter, 

ned in a dine 
index Of Water is 
™ below the sur. 
US of the circle in 


12x3 

(a) =e : O)12x3x 
12x3 

() S- (d)12%3% 47, 


A fish in water sces an object 24m above 
the surface of water. The height of object 
above the surface of water that wi 


ill 
pear to fish is ye 
(a) 24 em (b)32 em. 

(c) 18 cm (d) 48 ein. 


The refractive index of a material of a 
prism of angles 45° —45°- 90° is 1.5. The 
path of the ray of light incident normally 
on the hypotenuse side is shown in 


i shown in Fig. $1 
9 types ef trans. 


8 placed cn its a: 
wall form 

2) image 

(0)? images 

(3 images 


x13. The object 


Fig. 51 


(€)9 images, 
82 An object 


the tha is put ata distance of 5 em from 


t focus of a convex lens of focal 
pales nce a 
ne lens will be 
15cm (b)20 em 
'e)25en (d). 30 em. 

83. An object is placed 1 metre in frontof the 
Curved surface of a plano-convex lens 
whose planc surface is silvered. A real 
image is formed in front of the lens at a 
distance of 120 em. Then the focal length 
ofthe lens ix : 
fa) 100em (6)120em 
(c) 109.1 cm (2) 1100 em. 

B. The Apparent thickness of a thick plano- 
convex lens is measured once with the 
plane face upward and then with the con- 
vex face upwards. The valuc will be 
(a) more in the first case 
(b) same in the two cases 
{e) more in the second case 
(d) Can be any of the abcve depending on the 

value of its actual thickness. 

85. An optical fibre consists of core of 1, sur- 
rounded by a cladding of np, <p, A beam 
of light enters from air at an angle i with 
axis of fibre. The maximum value of i for 
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87. 


4 


v (c) 60° 


* placed in air 


which a ray can travel through the optical 


fibre is 


tl seer! Vin? - 
A ray of hight as inci 
rmally on the 
first refras 
the pnsm of refracting 
angle A. The ray of 
light comes out at 
grazing emergence. If 
one half of the prism 
(shaded position) is 
knocked off, the same ray will 
(a) suffer a deviation of M4 


(8) not emerge out of the prism 


1 
(c) emerge at an angle of sin7? (Fs Al 


id) emerge at oan angle of emergence 
‘en (Fs an), 


The graph shows 4 
how the magnifi- | 
cation m pro. ™ 
duced by a thin . 
convex lens var- 
ies with image 
distancev. The fo- 
cal length of the 
lens is 

(a) ble (b) blea 

le) bela (dic/b. 

The refractive index of the material of a 


prism is J2 and the angle of prism is 30° 


Fig. 53 


* One ofits refracting faces is polished. The 


incident beam of light will retrace back for 
angle of incidence : 
(a) 0° (b) 45° 

(d) 90", 

Aspherical surface of radius of curvature 
R separates air (refractive index 1.0) from. 
glass (refractive index 1.5). The centre of 
curvature in glass. A point object P 
found to have a real image 
Qin the glass. The line PQ cuts the sur- 


90. 


91. 


93. 


+ Competitive Physics (Objective) 
yporin 


and PO = OQ. The dis 
face 
tance PO 1s equal to 
ok 
(2K 
The cross-section 
form of an isosce 
refracting faces 


ata point O 


(by alt 

(GE 

ofa glass prism has the 
triangle. One of the 
silvered, A ray of light 
falls normally on the other refracting face, 
After being reflected twice, it snares 
through the base ofthe prism perpendicu- 
lar to it. The angles of the prism are 

72° (b) 72", 72°, 36" 

(d) 57", 57", 76". 


(a) 54", 51", 
(e) 45%, 45°, 90° 
Two parallel light N 
raysare incident at 
one surface of a 
prism of refractive 
index 1.5 as shown 
in Fig. 54. The an- 
gle between the 7 
emergent rays 1S Fig: 54 
nearly 

(a) 19° (b) 37° 

(c) 45° (d) 49". 


Two thin equi-convex 
lenses of focal lengths (Y \ 


10 cm and 20 cm are 

placed inside a thin- 

walled glass box with 

curved sides, sido by 

side, such that these 

are tightly fitted Fig. 55 
inside. The glass is 

then filled with water and used as a lens, 
Determine the position of an object so that 
an image twice the size of the object is 
formed duc to this lens combination. Betas 
= 9/2 and bye = 43 
(a) 10cm, 15cm (6) 12cm, 4m 

(c) 15cm, 5cm (d)8cm,3cm. - 
The focal length of a plano-convex lens, 
the convex surface of which is silvered, is 
0.3 m. If the refractive index of the mate- 


: aoa: f 
rial of lens is — , the radius of curvature 


of the convex surface is 


(a) 0,65 m (b) 0.91 m 
(c} 1.05 in {d)7.3 m, 


fl 


96. 


97. 


98. 


HON 


A cube made of a mate, 
dex jt, is Immerue 
live index Wy A ray of Tye 
face AB atan Angle ¢ 
ternal reflection Just 
BC. Then sini ts equ 


nal 
Mina |, 


Ff refenetyy, in. 
‘Quid Of refpar. 
Fit Mipeident an 
a8 shown Tetal in. 
takes place 
al tn 


90 face 


A bird in air looks ata fish vertically 

low it and inside water in a tank. it the 
distances of the fish as estimated hy bi 4 
is S, and that of bird as timated by the 


S, then the refractive inex af liq- 


uid tis 
St Sis, 
(a) pu Based 
c & ; lene 
2 Sy +8, 
(chee 7 Site 
(a 5 (d) oan 


The maximum value of index of refraction 
ofa material ofa prism which allows the 
passage of light through it when the re- 
fracting angle of the prism is A is 


(A 
(a) 1-sin[ 4) (5) 1~eoi( 4) 
te) 1 tan? (4) Ww treat®( 4). 
2 


An objectis placed tothe le ofa glass hemi- 
sphere with radius 1 mand index of refrace 
tion 1.5. Where is the image of this object 
formed ? The distance of the abject from the 
plane surface of the hemisphere is 2 m. 
{a)4m (b)6m 


(c)8m (2) 12 m. 


A ray of light is incident at an angle i on 
one surface ofa prism of small angle A. It 
emerges normally from the opposite sur- 
face. If the refractive index of the mate- 
tial of the prism ist. the angle of incidence 
tis nearly equal ta 


101. 


103. 


Mg 
tha 
A vessel in hott fin 


AD 
(fiw AFL 

ed with a liquid of 
Srnethen © hepuid of re- 
metive index y. The ather half af the ves. 
th an immiscible liquid of 


tliy The Apparent depth 
Of vemeet 14 Us of the actual depth The 


value nf y is 

'a1.6 WL GT 

lends ¥ 
's nA 


A wimmer ' wwrenmung inude a tank of 

bch Me tones UP AL the sey through the 
Mer surface. The surfsen sy alm. Sx 

bag calm. Sky os 


day Lekt. He ean ce 


tumirited patch diteetly abewe his 
bead where ancular eve 1 independe 


the depth of thee ewimuner imade the tank 


(b) a emall umn: ted patch directly steve his 


head whoee a: cular size di, 
he jr nds the 
depth ofthe wmmmer ne nthe 


(c) Nothing but darkness cutede the tank 


(d) The entre top surface of the water iHumi- 
nated 


An equilsteral triangular prism is made 
of glass (y= 1.5) 4 ray of lyghtis incident 
formally on one of the faces. The angle 
between the incident and emergent ray is 
(a) 60" (b1 90° 

fe) 120° (isu 

The size of the image ef an object which is 
at infinity, as formed by a convex lens of 
focal length 30 em, ix 2 em. Ifa concave 
lens of focal length 20 em is placed between 
the convex lens and the image at a dis- 
tance of 26 cm from the convex lens, cal- 
culate the new size of the image. 

(a) 1.25 em (b)25cm 

(c) 1.05 em (d) 2em. 

A ray of light is 

incident at the 

glass-water inter- 

face at an angle i. 

It emerges finally 

parallel to the sur- 

face of water. 

Then the value of 

n, would be 

(a) (4/3) sin t Fig. 67 
*(b) Vsini 

(ce) a3 (d)1. 
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105, 


Hiven pliner 
priemne A Hann - ‘" 
Coat rane te \ a , 

. 
fractive Indes Ty 
are placed on f| ait , 
contact with g ob 
nach other or fn 
phew nin Bit fy ie 
with fie air gap 


between Che poenia Manoel raniathe fy 
pC Tht OP parece treat tie prion ae 

pembly and envengon ae QI The conditiuns 
of minimum deviation is eatiahiod in the 


preme 

tad A and 6 thy Hand © 

te Avnd GH) ty all poems AD 
and 


In a direct vinion spectroscope, ane Uber ft 
flint andacrown glans prinm combination 
to get cero mean deviation but a finite 
dispersion, Which of the following ian 
acceptable diagrammatic representation ? 
IC « crown, F= flint, Ve violet, Hs red) 


106, 


Fig. 59 


Which of the following diagrams shows 
correctly the dispersion of white light by 
a prism? 


Dipper Hinnpetiive 


wey 


104, 


109, 


110. 


. by the source of light 


Phrlie OWe Nin) 


Yih of ie Pelli ae OL 
tation at devintinn atid Aepag, 


peed preeen 
f / 


hon et Lyell leg pee 


v 


Fig. Oh 


A roy of light passes through an equilat- 
eral prismuuch that the angle of incidence 
in equal tothe angle of emergence and the 
Intter is equal to (3/4)th the angle of the 
prism, The angle of deviation will be 

(a) A5° (b) 39° 
(ec) 20° (dd) 30°, 
Alight ray is incident 
upona prismin mini- 

mum devintion posi- 

tion and suffers n de- 
vintion of 34°, If the 
shaded half of the 

prism is knocked off, - 

the ray will 

(a) suffer a deviation of 34° 

(b) suffer a deviation of G8° 

(c) suffer a deviation of 17° 
(d) not come out of the prism. 


Fig. 62 


Fig. 63 shows the view 
through the cye-piece of 
a prism spectrometer 
with its slit illuminated 


emitting three wave- 
lengths corresponding to 
yellow (Y), green (G) and 
an unknown colour (X). The colour at X 


may be F 
(a) red (6) orange 
(d) none of the above. 


(o) pink 


412. 


113. 


M4. 


115, 


Ay hie 
" MH eng 


Areca ALT Ph "Uppy 
eeu, “ 
env We vetgy / 0 rang, 
a Yon wt, 
; Vln he 
hnnndel Ayton hey 
; Ij 


Vin 4 
Which lalement ty tye 
Kol the opwctrum? 


ta) Whee he tango wravetey, 
VOU OA Us apne 


$9 entssny tip 


ON AA ve ut 15 
tary oa 
th Mb he bailar eb free 


ulteuvinlet ond of the cea’ 


and 
 apmetiumg at the 


fe) Mean he Beret foqwrey ang 
any 


red cath af the sperteum Mat the 


(if) Iehan the shortest wavedey 
red end of the spectrin 


In the previous question 

view, the dista ince Belieenie ee 
‘eye and the cye-lens should be , 
(a) zero (6119.2 mm 
(c) 20.0 mm (1) 20.8 mm 
(e) 24.0 mm. , 
The resolution limit of eye is y* At 
distance ¥ km from cye, two trees sta 4 
with a fateral separation of 3 m. For fe 


trees to be just resolved by naked eye. 
should be ee 


(a) 5 kim 
(ce) 15 km 


LN cath oy at the 


lant 
bscrvers 


(b) 10 km 

(d) 12 km. 

Two points, separated by a distance of 0.1 
mm, can just be inspeeted ona microscope 
when light of wavelength 6000 A is used. 
Ifthe light of wavelength 4800 A is used, 
the limit of resolution is : 


(a) 0.8 mm (0) 0.08 nm 
(d) 0.04 mm. 
In compound microscope, magnifying 
power is 95 and the distance of object [rom 


(c) 0.1. mm 


objective lens is = cm. The focal Jehgth 


of objective lens is ; em. What is the mag- 


nification of eye picce ? 


V6 


117, 


us. 


119. 


~ 
1 ph, 
Yim 
a 23 
f 
r 
} j 
J J 
o ‘ 
TAG 


dinero tre 


the final 


d t 
ot lorennd, 
fon the we 5 


~ If toe theme 
wen ealtese oe, arate A VE at the 4 
We, the: segatar magrifeat. 
A image are 
(ANZ) erm 


0.2 em 


en a 


(112,279 om 

thi VA 3.79 ex 
Astronomical televenpe has 
pangeable cyep:eces. In or- 


in paacr, the operator should replace the 
eyepiece with another of 


'a) shorter feral length, moving itcloser to the 
objective lens 


(b) aherter focal length. moving it further from 
the ebjcetive lens. 

te) shorter focal length, changing its 
distance from the objective lens 

(d) longer focal length, moving it elaser to the 
objective lens. 


(e) longer focal length, moving it further from 
the objective lens. 


In Young's experiment, the slit widths are 
in the ratio 1: 9. The ratio of the intensity 
at minima to that at maxima is 

(lis (3 

te) 1:9 (dst 

Ina Fresene! Biprism Experiment, the dis- 
tance between the source and the screen 
is Dand that between source and biprism 
isa. The wavelength of light used isi. The 
fringe width is B and refracting angle 
biprism is A. The refractive index of ma- 
terial of biprism is 
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Fig. 66 shows a 
double shit exper 
ment. Pand Qare 
the slits The path 
lengths PX and 
QX are ni and (1 
= Dva respectively. 
where a isa whole 
number and 4 is the wavelength. Taking 
formed 


120. 


Fig, 66 


the central fringe as vero, whats 


(b) First dark 


ad bright td) Second dark. 


xperiment on interference, 


Ina You 
the distance between the slits is d. The 
screen is ata distance D from the slits. If 
a bright fringe is formed, opposite toa slit, 
on the sereen then the order of fringe is 


121. 


-D 
=> 
d 


ca 24, 

2D 

122. An interference is observed duc to two co- 
herent sources A and B separated by a dis- 
tance 4% along Y~ where 7 is wave- 
length of source. A detector D is moved 
along the positive X-axis. The number of 
points on the X excluding the points 
x =Onndx = atwhich maximum will be 
observed is 

tad (bya 
(5 (6. 

123. A glass wedge of angle 0.01 radian and jt 
= 15 is illuminated by monochromatic 
light of wavelength 6000 A falling nor- 
mally on it. At what distance from wedge. 
will 10th dark fringe be observed by re- 
flected light ? 
Aq) 0.1 ann 

“+ (c)0.3mm 


)0.2 mm 
(20.4 mm, 


124. In Fig. 67, Pand Qare identical radiators 
to f waves that are in phase and of the 


ry 
cy 


127. 


128. 


nporwun Competitive Physics (Objective 


same wavelen 
radiators are SCy arated 
by distance d = 3.00% FA 
What is the largest dis- 
tance fram P, along the ° 
axis, for which fully de- 


structive interference Fig. 67 

occurs ? 

(a) 8.752. (b) 2.53 

(ce) AG (d) 11.252. 

What is the difference 

between PA and PB? 7 
Z cy 

ta) = e 
2 8 

(bd, 

(e) 
2 02 

id) 22. Fig. 68 

A thin wedge- 

shaped air film is 

trapped between 

‘two glass plates, as lake 


shown in Fig. 69, 0 plates 
anda parallel beam 
of monochromatic Fig. 69 


light is incident nor- 
~ mally on it. The fringes observed are 
(a) of irregular shape (b) straight 
(c) circular (d) hyperbolic. 
A thin slice is cut out of 
aglass cylinder alonga | | { | 
plane parallel to its _" 
axis. The slice is placed 
ona flat glass plate as 
shown in Fig. 70. The 
observed interference 
fringes from this combination shall be 
(b) circular 


Fig. 70 


(a) straight 

(c) equally spaced 

(d) having fringe spacing which increases as we 
go outwards 

In the set up 


showninFig.71, - 7, |g, 
both tubes T,~ 

and T, contain fee 
air having re-. “TT, Sz 
fractive index p : 

and a maxima is Slits 


observed at O. 


es 


129- 


130. 


131. 


The fringe Kystorn displ, 
= 16 fringes when Ty is fil lyn 
nia. Length of tube inlana WIth at eny 
light 18 A. Refractive ingye eterath of 
OMremta 1 


ON Ubraards 


1), 
(a) Oy. 


! 


2 

es 

te) 1a + 7 dis, 2 
ues) 


In Youngs double sltexpen, 

slits are at a distance qf gent the tan 
ence pattern is observed oie Inte: 

a distance D from the slits ve Stren at 
thescreen dircetly opposite res 4 Part on 
a dark fringe is observed, The, Ofthe slits, 
of wave is nearly wavelength 


T 


(a) = 


D 


a 
(c) — tay D 
D a 


wy? 
d 


Fig. 72 here shows P and 

intense coherent sou Meeull 
radiations of wavelength 20 m, Th iting 
ration PQ is 5 m, and phase cee ny 
of the phasc of Q by 90°. 4, Handi 
three distant points of observation itd 
distant from the mid-point of PQ. hee 
tensity of radiations at A, B,C will ken 
the ratio r 


(a)O0:1:4 
(c)0:1:2 (222150 

Two coherent sources separated by dis- 
tance d are radiating in phase having 
wavelength A. A detector moves in a bij 
circle around the two sources in the plane 
of the two sources. The angular position 
of n = 4 interference maxima is given as 


(b)421:0 


(a) sin-? 2% : (reo s 
d a 
(c) tan (d) cos? . 
ane 8 4d 


ce ee 


herent mance 


ate waves of 
together to 
f the fal- 


val ample 


fea Which on 


aetna the pattern uf fe, 

ze a 

£ 3 

i ' 3] I | 

9 rig GAAAA,, 
a 18 

a ze 

SAN é 


fa} 


le) 
Fig. 73 


133, To obtain the central matimum at the 
centre, a mica sheet of refractive index LS 
is introduced. Which ef the following is 
correct 7 


Di>>d) 
Fig. 7% 

(a) The thickness of sheet is 2( (2 - I'd in front 
ofS, - 

(b) The thickness of sheet (v2°+ Id in front 
ofS, 

(c) The thickness of sheet is (2¥2d - 1) in frent 
ofS, 

(d) The thickness of sheet is (2/2 — Lid in front 
ofS, 


ie 

134. Fig. 75 shows two coherent sources S,and - 
S, emitting at wavelength 1. The separa- 
tion SS, is 1.54 and S, is ahead of phase 
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3 Emporium: Competitive Physics (Objective) 
by vz relative to S, i where nis a whole number and Lis wove. 
Two of the maxima a“ length. Taking the central bright fringe ng 
must occur in diree- Sc ver, what is formed al Y ? 
tions given by sin! (a) First Wright (6) First Dark 
1 te) Fourth Bright (d) Second Dark, 
mony 198, Fig. 79 shows 7 
wat Young's double P 
2 slit apparatus, 
wt 1 WW ie} Ss, and S, are ca 
an aie coherent 
16 iat tains : Ps vp sources cmit- 3 
ASS af ting light of Fie 
and’ 32. sm By ea . wavelength 2. tei? 
ee -s g Light waves »-eemitted from S, and S, in 
wavelength : S. 1 2 
lags in phase be- i S; phasi A point Pon the sereen corresponds 
hind S, by 2xp pico to position of Sth maximum. What is the 
radian. If there is Bees phase difference between waves when they 
a maximum in the direction P,, the dis- arrive at P? 
tance S, A must (with an integer) be (a)5r () 9x 
fadin - ply (h(n + pr (c) 10 x (AVS n 
clnhep td) (n=12) 2 + p 139. Astudent is asked to measure the wave- 
136. A ray of light of length of monochromatic light-He sets up 
intensity I is inci- the apparatus shown in Fig, 80. S,,S. and 
dent ona parallel §, are narrow parallel slits, Lis a sodium 
glass slab ata lamp. M is micrameter eyepiece. The stu- 
point Aas shown. dent fails to observe interference fringes. 
It undergoes par- You would advise him to 
al reflection and ‘ 
refraction. At 
each reflection, . 
25% of incident, 
energy is re- 3 i 
flected. The rays 
AB and AB’ undergo interference. The © 
ratio Fron is - 
min 
, waded (b) 8:1 
“et (49:1, en 
137. Fig. 76 shows a 
- double slit ex- Fig. 80 : 
ste P , fa) decrease the distance between S, and S, 
tha aia (0) increase the widths ofthe slits, 
sources, The (c) replaée L by a source of white light 
path lengths (d) replace M by a telescope. 
PY and QY-are 140, Under which of the following scts of con- 
mand (n +492, ditions will the separation of the bright 
respectively fringes of a double-slit interference pat- 


tern be greatest ? 


yt 


distance * 
intay 
Mey 


betworn Tron slit, te lent 


. slits 
(a) small 
(bh) smal 
(c) small 
(if) large 
(we) large 


9 s000¢4 Prony 
Small 
larye 
Lary 
small 


small 
In the Young's slits arr Tony 


‘AngY 
a pattern of equally a kement shown, 
fringes appears on g ‘teen 
Which quantity, ifinereasey 
the separation of the rings 
Sto 


Shor 
short 
long 
Short 
yh. 


ht Parade 
Placed oy Ss. 


Light 
source 


> 
— 


. Fig. 81 
(a)x 
(od 


142, When a two slil arrangement w; 


f ‘As set up 
to produce interference fringes ona sereen 
using & monochramatic source of green 
light, the fringes were found to be too clase 
together for convenient observation. In 
which of the following ways would it be 
possible to increase the separation of the 
fringes ? ‘ 

(a) Decrease the distance between the s:reen 

and the slits 


(6) Increase the distance between the source 
and the slits 


(c) Have a larger distance between the two slits 

(d) Increase the width of each slit 

(e) Keplace the light source with a nonechro- 
matic source of red light. 

Two identical narrow slits S, and S, are 

illuminated by light of wavelength 4 from 

@ point source P. . 


143, 


Fig ag 


Oca in Fig 
'0fallem n ines thelitht is thenallowed 


4, 


‘fn ta poutive integer, 
for dest kG 


"he conditinn 
tion rucline interferense at Q 


‘thar 
fay, ~ 
wa, 
levi 


{)a(2n ola 
WWeQnetay 


Vl bat ele ns 
o NN tastes Die. 
|. In Fig. 83, cp fepre- Qo Ma 


Sentsawavefrontand Se = 
AOaand BP, the corre. Ai 
d 
i 
8 


Sponding two ra Ss, 
Find the condition en 4 
Ofar constructive ine /& 
terference at P be- 
tween the ray BP and 


le 
J. 
> 


reflected ray OP. 
(a)cos 0 = aya Fig. 83 
(bVcos 0 = Wag 


(ch see 1 ens N=Hd (d) see 0-02 0 = dd. 
M5. Anarrow slit ofwidth | mmis illuminated 


by Monochromatic light of wavelength 600 
nm. The distance between the first minima 
on cither side ona screen at a distance of 


2mis 
(item (b).1.2 mm 
{e) 24 cm (4) 24mm 


» 146. A beam of monochromatic light of wave- 
length 2 falls hormally on a diffraction 
Grating of line spacing dl. If 0 is the angle 
between the second-order diffracted beam 
and the direction of the incident light, 
what is the valuc of sin 0? 


(a) Ud “ (bd/a 
to) 2d (d) dh 
(el daa. 


147. A parallel beam of mancchrumatic light 
of wavelength } is incident normally on a 
diffraction grating G. The angle between 
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the directions of the two sceond-order dif- 
fracted beams at P, and P; isa, as shown 
in the diagram below. 


Fig. 84 
What is the spacing of the lines on thexrat- 
ing? 
4h 

(a) Sina 

a 2 
() Sine (2) Sina) 
(eo) Bin (w/2)" 


148. Consider Fraunhoffer diffraction pattern 
obtained with a single slit illuminated at 
normal incidence. At the angular position 

* of the first diffraction minimum the phi 
difference (in radian) between the wave 
lets from the opposite edges of the slit is 


a) = 
le)x (d} 2m, 


149. A monochromatic plane 
waveofspecdcand wave: )X 


length A is diffracted ata P 
small aperture. The dia- ) 
gram illustrates succes- ., 

sive wavefronts. 


After what time will 
some portion of the 
wavefront XY reach P? 


AY wy, Pie 85 
(a) — — 
3) & Cy c 
i 44 
ele (dh 
oS, : 
¢ 


150. Monochromatic light of wavelength dis 


151, 


Emporitun: Competitive Physics (Obj 


ot 


eclive) 


serving the trans; 


7 Le 
ing the prism, itis ge! 


ht white, 


. Rey 
incident normally on a single slit RS of een that May. , 435 
widtha. The diffraction pattern is formed , ete fis asc 
ona sereen PP’, The first minimum Of thig a H 154 DAI ey yy agen % 
pattern makes an angle 0 with the i : a * A dlane Polarised weiter O ‘ 
direction of the incident light, ag shown, ‘ is me Intensity | s 
in Fig. 86. . Acident on 
Monochromatic THRYte withthe 
“iat | leet vector in. 
pus Fig. 85 Gitta ta the 
sis ta) intensity OF Li reduces iy ‘ ba Of the 
) intensity of light d facia) Miser. Light 
ww apaaeia Sere ARCS ny then in, bie ut of the 
Se ‘i is ; olariser pa i 
a siemens, Tag’ ee 
i) intenst'y NU reduces I i 
Fig. 86 "then Starts to increase: !%"sh ly any that OPE SSIs inane at 30" to 
. j : ariser, Intensity af fj : 
. cA 153. Light from adenser medium} ins out af the ie oflight coming 
Which one of the following gives the cor- rarer medium 2. When the anple mee 9 plat 
rect expressions bath for the path differ, dence is0,therellcetedand rete ys ae wy 
ence (SP—RP) and for sin 0? are mutually perpendicular. The sins \ 4 
(SP—RP) sin angle will be Mic Ig wy, 
(a) 2 2a 2 
4b) 2 Na 
(co) 2° 2a 
(dy d Nea 
fe) 2. Ma. 
Fig. 87 heve shows a wavefront of light of 
wavelength 4 incident normally ona slit A 
of width. Fora distant observation point 
at inclination 0, the disturbances from the , 
ends A and B are represented by the ‘am- 
plitude vectors’ (phasors),P and Q respec- 
tively. The angle Ad is given by E 
w ‘ " 
| o 
oa , ‘ 
i odas . t 
5 a 
ft ] Pp . . . ' ; \ : 
i , 7 " Ve 
Fig. 87 
(a) £)sina (b) (22) exe0 
e) Zasino d) ¢tano : : 
eae 7 ‘ 
A light beam is incident on a rectangular 
glass plate (u = 1.54.). The reflected light 
OB passes through a nicol prism. On ob- 


‘ Oe 
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1. 


————— Answers/Explanations 
ae 


BLE sctected Muttipte € 


wo 100) 
(a) Dower of eombinanon =| Fy Oy) 


(d) Different culowes 
velocities ina medium 


20 
d 


led sin = Al 


Arggular width 
Real depth 
Apparent dept 
_ Real depth 


(a) = aad Apparent depth 


Apparent shill + 


RD 1 
«RD-AD=kD-—=|1--]e 
# " 


(a)ce=3x10"ms!, 
,, = 4800 A 


cevh, ory 


= 62h x 104 He, ws 
4800 48000 


A= 20004. 


+ (by Refer to Cauchy's relation. 


. (by M14 o if image is formed at least 


n 


2, iftmaye 


r 


distance of distinet vision ; M 
is formed at infinity. 


Emportum: Competitive Physics (Objective) 


hoice Questions 


ike 


26. 


27. 


———— 
—————SS 


(a) Factual information, 
DA 
(dl) b= mn : 
-3 
pa Md dn xO ee, 
a 4x10 
(c) Velocity of light in a medium depends 
upon wavelength. 
(b) Use Kirchhoff's law of thermal radiation, 


(a) 0> 1, Sin > sini, 
1 


sin > 
sin? ally 


A es 
sin > he 


ry Fig. 90 


7 4,2 i are 
sind>3%Z or sin> > 


(c) Angular fringe width = » 
Dh Dv2_ f 
ee ee 
eae | 10d 20 
()- P=P,+P,=(12-2)D=10D 


100 : 
F 10 em=10cm . 


1 
(c) sin i, = B ; Minimum }, maximum 
sin t,, maximum ¢,, 


(c) Mercury gives line spectrum. 


(a) p= S=28 or ved 
- 10 
or f= TOK LOT a = 4800 x 10-7m 


15 
(a) The working of optical fibres is based on 
total internal reflection, . 
A + in 0 
(b) Resolving power of microscope= 2usind a. 
Clearly. .esolving power of microscope de- 
pends ur vn wavelength in a reciprocal manner, 


ga. 


36, 


37. 


38. 


39. 


40. 


‘pe ~ 
wy shit > wn 


7 W4~ty9;, aed 
he it — 
2256 197 mie’ 
5 "2he 
(b) The working of apticnt : 


m 


bes ig bated on 


tou internal reNeetion 


(b) Factual informatinn th 
(d) Factual information, 
(a) Angular width of central masim, 

um is 
i Clearly, it is independent oth, 
(c) When converging, rays are j 
plune mirror, renl image is fame ona 


(ce) The working of optical fibres 

total internal reflection. 's based on 
(c) Frequency does not depend y 

dium. It is 0 churucteristic of the salad 
light. 


(d) Resolving power of telescope = rt 
1224," 


_ Here, a is the diameter of the telescope ob- 


jective. Clearly, a telescope with a larger 
aperture objective gives a high Tesolving 
power. . 
DA: 
(ec) By = U 
(a). The minimum distance between the 
source and its real image should be 4f 
sin 45” sin 45° 
ey ee sin(Q0-%) casi, 


12. 


41, 


46. 


47. 


Ce) Scattering = ! 
Fi 


W Faetinn information 


(4) Phate difference 


Folge Eatjut 2 Gy bod 
7 , 
5 a4 Ih 
(hy i at 
D. 


+ Le) Resolving perwer = 2 
7 


Mew? 
oa 
Sein? 

Now.o24 
. =F. or Lar) s500 «105 «104 


=m - 
(b) Factual information. 


2 10" eadion 


Fig. 92 


48. (6) In the first case, 


B= 2 400 tux 


In the second casc, an additional 100 lux is 
required. If d is the distance of the plane 
mirror from the lamp, then the image of the 
lamp would be at a distance of (2x + 1) metre. 


Now, 100 = 20 i, I 
(22+ 0? 4 (2x4 


or 2x+1=2 of 2ca) or x=05m. 


49. (c) The variation of relative luminosity with 


wavelength is shown here. 


Rolativa : 
luminosity —+ 3S 


400 700 
Wavelength (inn) —> 


Fig. 93 


——————S 
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NE = cos |) ss 
50 Vy 40x40 16 


35 


si. (@) T 50x50 28 
/ 16 8 

T3535 

1-l' $< 100 = 36 


or x 100- 5 


lumen/watt corresponds 


52, e) Note that 686 lumennentt 


to 100% ems . 
responds to 10% efficiency. 
53. (a) When the screen is equally illuminated, 


Fig. 94 


= (180° — 2e1) + (180" - 2/3) 
= 960" - 2a + (3) 

But 90°- a+ 90°-B+0 
= 180° 

or G2 a+[ 

* Total deviation 7 
= 360° - 20 . 


55. (c) 


6 i 6 i 


+++ 
7 -0 


a rot 


Fig. 95 


. Asis clear fram Fig. 95. the new distsneo is 
2: ~ 2v, The distance of image fram obyeet is 
reduerd by an amount Zv in une seeundl. 


56. 


a 
2 


58. 


59. 


60. 


61. 


62, 


Sports Competitive Physics (Objective) 


(a) 


| 


Fig. 96 
(8) Lateral magnification is different from 


axial magnification. 
tat 
(a) 5 * [600 * 20 
1_ 31 
i v 600 
600 
or v= a cm = 19,35 cm 
(8) ; ; 
Fig. 97 
(a) Clearly, 


i+rsi¢i= 140° 

or 1=70° 
Clearly, plane mirror 
makes an angle of 20° 
with vertical and 70° - 
with horizontal. 


(dl) Clearly, the 
distance of im- 
age from ob- 
server is 40 cm. 


10 
Obsarver. 10m E 10m 


30cm 
Fig. 99 


(c) The image is erect and diminished. So, 
the mirror is necessarily convex. . 


f@ In the case of concave mirror, the 
image ts erect and magnified. 


64. 


66. 


67. 


or 
ir 


or 
£' Note that the niagnin 


ication iy, 
than one. So, mirror cannot be phate 
pote ES ok ex. 


460 
(ec) rT ~1=9-123 
= ls y 
(a aot. q 0 
dow y M 

d ' 
or 1a" 7 

u 
or Fig. 100 
(c) ' 

1 

or = 


know that the image 
the mirror. 


(b) The first image is duc to reflection from 
the front surface or, unpolished surface of 
the mirror. So, only a small fraction of the 
incident light cnergy is refteted. The 
is due te reflection from 
mayor portion of light 


second imax 
polished surface, So 
is reflected. Thus, the second image ts the 
brightest. 


68. 


te 
« Pet uy breeb ont a eomman mis 
0) nt 

"eeplan abet thea queeinn 


pcb the fiat image is brightest 
Meteg eend fne 1s brightest shall be 
Dutmined enti by the ania of inei- 

nen. angle of inewienee ia large, the 
Feflectanee will be mazimum. Maxi- 
um hight will be reficeted from the 


front surface So, 
* surface So, the first image will 
be brightest, ° 


(b) tes) (2-3 m=-03m2-D0em 
dalig ct 
v =10 =39 
Seto 
v 10 30 
cit! 
vo 20 
gs ee tsem. 
? 
() mateo ys 
u -10 
(d) Object lies between principal focus and 
pole. 


So, the image ts virtual and ereet 


Now. 


or 


(6) Only the litht — gathering power is re- 


duced. 
(d) Clearly, X is denser medium. 
sino ; 
Now Sn 80" yux Veena d 

v 9! speed e 

= shy = 
v 

or vst Pe 
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le -_ 


2. fe) tn) ts rutee ent because tho perscn It 
standing on the edge of the por 

(h) isruted out because the signal wet 

not move mut of the pool. 


td 


ermal 
(i) is ruled out because of total inte 


reflection 


(b) A concave lens shall behave like # on 


7. 


vex lens if the refractive index of thet 
rial of the lens is less than the refi : 
index of the medium surrounding the a 
TA. (6) Power of combination = (6-4) D = # 
r 100 
‘ow ——— 
oe finem 
‘ 100 
** fine : 


or fincm=50 
Since the net power is positive there! 
combination shall behave like a conv 


fore the 
ex lens. 


16, 
1 0.75 


=0.25 {1X-0.25) 
=1-44+%=0 
Since power of the system is zero therefore 


the incident parallel beam of light will re- 
main paralle! after emerging from the sys 


tem. 


1 1 d 


“Th Tk 


1 
=-+ 
1 


Fe Note the special technique eniplo- 
yed in the solution. 


771. (ec) m= Fae 
fouzl : 
efi, fies 
or uel (+ 
or (Sy 


Emporiun Competitive Physten (NYectig | 
anny : 


Magnification is positive in the 


| ca 
irtunl image. 


case af 


raised Urough a distaney 


(b) The letters are 


7. 
i! - +}. where ¢is the actual thickness 
, 
For red, 4 is maximum. Using Cauchy, 
relation W = 4 + rr is minimum, 
te that 0 is the angle of incidence 
79. (o) Note gle of refraction. and 


o’is the ang 


"ga" The angle of incidence is the angle 
between the incident wavefront ang* 
the refracting surface. The angle ofre. 

fraction is the angle between the ro. 
fracted wavefront and the refracting 


surface. 7: 
Note that these definitions, consider. 


ably simplify the solution, 


or 


82. (c) As scen from a rarer modium (L, or L,). 
the interface L, L, is concave and L,L, is con- 
vex. The divergence produced by concave 
surface is much smaller than the conver- 
gence due to the convex surface. Hence the 
arrangement corresponds to concavo-convex 


lens. 
1,1 4d 
83. (b) Pro pesct. 
fh hk 
1 1 sd 
°= 305 20-8) | 
#32 ee) 3 
100 5 20 20 20 
or d=15em | 


AG. 


88, 


89. 


ed 4 tiny, 
era he eer tine 
ro Urm, a Towns 
(df) Apparent white ab, sind 
; 1 ns 
{1-4):001204f1- ‘) 16 2sinterar 
1 os 
u o .—_." 
0 ee : cour 4 
. ” 0 ‘ 
; - Now, nie ft-en 
or wi tot or wre ie cre 
ss 2 5S 
or n= ; 3 
9 oF teunt (3) 
\5 
(d) 91. (a) m= 
[ou 
1 
3 
u 
or 
=1 
or 
m=-05m 
(a) 
2.1 
ae: 
or f 
Again, Ppa | 
20 Ss u -/2 
or [2-7 em=-667em Clearly, the image is virtual and double the 
The negative sign indicates that the lens is = fe 
conenve. ' 93. (c) Beane (2) 
1 1 t 
(d) P=tp-1)/—-— R 
Ry Ry or i . 
; 1 Ry y= 
decreases. I’ decreases. f increases. » Now, for 
10 R 
(ay AOA Ror 
80 20 fy %-0 
1 190 100 sor —! sy or m-1<1 
or ae oS (105-5 
Bono ap 7 85 sD 2 - Hl 
or . power =- 3.75 D ’ or po-l< i 
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Competitive Physics (Objective) 


ME ee 
the tons behaves as. diverring leng 


98. 


, 29. 


of ue(ted) 


or we hs 
(6) Power of the system decreases due to 
separation between the lenses. So, the focal 
length increases . 


(a) u vf? 
=e -N) 
oe Gp (i) 
teas »(2) 
7 R 
or P2055 on feR 


Since the object is at infinity therefore the 
image would be formed at focus. 
(d) Think in terms of rectangular hyperbola. 


({d) Clearly, 2f = 20 em 
or 10cm 


us- Momus? 


Now, 


or 


or v=sOcm 
The change in image distance is (30 - 20) 
em te. 10cm. 


(a) 


v 
-4=- or 
u 


Now, v-u=10 or 
or u=-2m 


Again, 


or 


or fof m=16m. 


{c) Since the lens behaves as a converging 
lens in air therefore the refractive index of 
the material of-the lens is greater than 1. 


100. 


101. 


102. 


103. 


104. 


Since 
in water there 
material of the 


fore the refractive index af the 
Jens ix less than 1.33, 


Pa Te el 
wy te. 
(a) eri i ca a 
Fora plane surface, R= 
, Mn, B20 
et 
Tae! 
Ha HL gp Ham 
“r vou vou 
or ve pu 


Clearly, to the fish, the bird appears farther 
than its uetunl distance, 

‘ dv _ de 
Again, UN =} dt 

bird 

or Apparent speed of ; 
= refractive index * Actual speed of bird, 
(a) The power of the given system is a 
combination of the positive power of the 
convex lens, negative power of the plano- 


concave lens of water and zero power of the , 


plane mirror, Clearly, the power of the 


system decreases. 


(d) 


1 5 


(a) In the first case, neither the radii of cur- 
vature nor the miaterial of the lens is af- 
fected. 

In the second case,’ 


‘ 


= Jy - of 2)= os Seal 


2 R) 2f 


(c) The angle of incidence on the second face’ 
is clearly 30°. 


sin 30° ; 1 
or sine=¥2x—= 
2 0) 


ine 


ES 
# * 
or ¢=45° 

Now, §=t+e-A=0+ 45° -30° = 15° 


TIES 
105. (ce) yo lheta : ; 43 
—~y- 2: 


106. 


107. 


108. 


109. 


110. 


111, 
112, 


toe Bene | 02 
u-t “pyro 
(b) For achromaticm, y, 
Cy ee 
on Py = ~P, of SL 
mm 4 cy 


(c) When the curved Furface of a pl, 
convex lens faces the Incident rays, te ea 
devintion of the rays is distributed at la 
he AuriAten, This reduces spherical 
aberration and improves 

the image. Sense 
(c) In Fig. 102, note that 

the refracted ray-is par- 78s, 

allel to base. 


: a Fig. 102 
(a) The outer faces of the pri: 
hallow plates. eon ature ie 


A sin(A sha) 
(d) col = 
A 
sin — 
2 


2 
a (n_A ~ (A+, 
01 aaa mm. 
sin(§ 2) sn( 2 } 


or BLA LAL bn 
22 2° 2 

or 5, =n-2A 

or &,, = 180" - 2A 


(d) ; 
(d) For achromatic combination of two thin 
lenses in contact, 


or 
or som 
f o 

or fe 2 29 or f’=-2f. 
f 19 


tin win (2B 
, 


or stn) 


oor +3, 


oF: ca 


ears 
OO or 


or B= err,, 2 Aton _ 
2 
14. to Srutem of two lenses separated by dis- 
ince d will be free from ehromati e 
Uon if the distanee, ‘ saa 


dg. them 
bet Bata | 


and if the lenses are made of same mate- 
Malie, w, =, = athen, 


defith 
2 


© The combination has same focal length for 
all colours. 

© Since d is always positive, f, + /, must be 
Positive. Therefore, for such a combination 
cither both the lenses should be convex or 
the lens with greater focal length should 
be convex. 

@ The combination is apparently free from 

lateral chromatic aberration. 


15. (b) w=% oe p-& 
le f 10 
Now, [,+/, =44 
fa 
fo 44 
or f,+ 10 
o Uh - 44 of f,=40em. 
10 
116. (a) Magnifying power of a compound micro- 
scope 
= Magnifying power of objective x Magni- 
fying power of eycpicce 
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118. 


119. 


120. 


Ifthe length of micrnsenpe Labo isincreased, 


is inercased. So, magnil 
cruscope decreases ie 


fying power of mi- 


ce A suicidal mistake 


(6) Ifthe final image is formed at infinity, 
the magnifying power of the Galilean tel- 
escupe is 


-f 

f . 
(6) From the diygram it can be observed that 
the final image occurs at infinite. The focal 
length of the objective lens ix 80 cm, 


M 


Eyeoiece 


Odjective lens 


80cm 5° $5 
Telescope em mM 


7 Fig. 103 


(d) Converging lens Lis used as. a magnify: 
ingglass to view the object O. An ercet, mag- 
nificd image is obtaincd when the object O 
is near to L than its focal length, and the 
observer has lo move the lens until the im- 
age at I is situated at his or her near point = 
D from the eye. 


Fig. 104 
L 
(d) m= — 
u-f 
When objective is replaced by a slit, 
u=ftf. at 


Clearly, the intensity 


Again Tyg Ce 
VV, (2a bal? 


of minima increnses, 


Cle 
122, (¢) By principle 
optical differen 


1),; 
waves from S, and S, must be C +)a if 


ce for two coherent light 


dark fringes occurs at P, 
}, = wavelength of the monochromatic light 
wave, 
where 
m = positive integers, m= 9 1, 2,... 


| phase difference = (m * 3) on 
=2mn+n,m=0,1,2. 


123. (c) For thecentral fringe, all the colours have 
zero path difference. 


aD 


Again, yy = 


Ais least for violet. 


a 
124, (6) Angular separation = > 


For angular separation to be 10% greater, 2. 
should be 10% greater. 


New wavelength is (se9 eS SS) nm 


or (589 +58.9) nmi.e. 647.9 nmi.e, 648 nm. 


125. (c) Ia(a+a? 
or Iy= 4a? 
Again, = | <a? 
dog or polo 
I 4 


126. (c) Phase difference of 2n corresponds to path 
difference of. So, unit phase difference cor- 


responds to  . Clearly, the phase differ- 


us 
ence 6 corresponds to a path difference « 


LS 
f=. 
° 2n° 


127. (c) Factual information. ~ - 
128.. (c) In the first case, 
2° Ls Ig+Iy +21, cos 0° 


or + T=4ly 


a 


120). 


150. 


131. 


132. 


Tle 


In the recund cane, 


Vella 
oe lye al, 135.41) oleetenen 
. LiMn a sehen paening it wives will interfere 
- Vay 7 thus produene neh a diffraction grating 
Iu, ha diffesetion on a eereen, 
a) Ls duten,r 0 , = fa) Faetual information 
t14enat & 3. OO Most of the 1 
2 theta g raht ve diffracted between 
In the first caxe, 9 © 2n  hestarder minima 
Ws : Vee fa Mequired angin « 2 
P tly 
In the second cine, g 2 2% *2einve 2 
BY 
2 24490 410 
on . 2 4 
yf Peat ee 
1? ‘ I - = 450 » 10-* radian 
Tia iy Us =45 010 rad 
Io ian. 
4 136. (a) When the 
‘ Nerent waved, given sourer is replaced by 
(b) DiNlrent wavelengths would ener another of longer wavel i ny 
to different frequencies, Lights op ae im clength, the direct 
intensities can give cohen en Milferent KE rem.ttne unaffected Lut the diffracted 
' Bi¥e coherence ey images A und B 
el is poor, en if cone 8 A and B would shift away from D. 
ee 137. (6) tea 
fhe q ry bs cHection causes tial polaris: 
(b) The angle of diffrs Partial polarisation. 
Hate fried {normal to the oe refraction produces two polansed 
even by Faction yittern ig sciteg Scattering produces partial polan- 


1 sin d= nd 
d n 138. (e) Only traneverse wave (inclusive of light 


wave, electromagnetic wave and others) can 


where ¢ is the spacing uf the slits 
be polarised Longitudinal wave (such as 


and 2. is the wavelength uf the 


F pla sound wave) and stationary wave ean not be 
Now d= aE: m, <4" Polarised. 
and n=2 . 139. (d) Factual information. 
We thus have 140. (d) Sound, a longitudinal wave, can be dif- 
; dsint “xing fracted, can be made to interfere, whose in- 
a= tint vind" nm, tensity falls off inversely as the square of 


distance from the source, but ean not be po- 
larised. 

Light, a transverse wave, can be diffracted, 
can be made to interfere, whose intensity 
falls of inversely as the square of distance 
from the source, can also be polarised. 

141. (e) Transverse waves can be polarised. These 
include all electromagnetic waves such as 
light, radio waves and X-rays. On the other 
hand, longitudinal waves such as sound can 


(e) The angle of diffraction 0, for nth ord 
diffraction pattern of the light is piven by 


dsin 0, =nd 


nt is piven by 


where d= spacing between adjacent slits in 


3 . 1 
diffraction grating = — 
Rrating = om 


n= 1 for first-order diffracted beam. 


sin, 7 not be polansed. 
7 —y* M2. (d) wslant 
=4.5 x 107 in stant 
Thus frequency of light. 
4 x = G 
fry Tact = 7020" He tan 
or c=ccote 
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14a, 


fe) Acelit would give divergent. biprsm 
would give double, a glass slab would give a 
parallel wavefront Only a prism would turn 


it | Questions for Self Assessment 


1 


(oy E= 250 e080 250 cas 


(W2 « 25)" (ast a3 r 


Fig. 105 Fig. 106 
#25 B75 

= See SY 14d + 10.99 = 25.15 le 
442 796 

(a) The Nuorescent tube is to be rey 

a line source, The wavefront 1s cy 


The flux 421 passes through the curved sur- 
face of 1 L. 
Muminance = A8L . 21 
2ut rl 
27 100 
. a 2100 hs = 40 lux 
Sel, 


(b).Thé image clearly coincides with the 
source. If F and B represent illuminance 
with and without mirror respectively, then 


Fig. 107 
VR aur? 2» 


EDT 


Emporiuun: Competitive Physics (Objcetivey 


the wavefront ; refrneling edgo fs down. 
warts. 


144, (b) P to Q convergence increasing | Q tg ht 
direction changing. 


. Icon 
AW Eee 
1 h 
any en ee 
th 
ee 
1ooey ‘Figs 108 
Now, Baie = To avE 
; 4] 
_ 200x8 _ 1600 
© (25 125 | 


Now, E’ sige = ———zy 


125 125 4 
. 8013)? ~ 37497 
1251 
a7) 3 


<p I 
6. (id) ae 4+ cos 45° = 
Be TE aye OT ae 


OITICS 


ot a 
or =" O74 sm, 
oe! > Begg 
ATMO oe Manisyy 
=H, 
em AA 
oT 


i 1 1o¢ 
Pox Poy ef-s, 
i Fy Iu Papi} 
or Pole byere ey p, a 
on 
cor foxy, or fs far, ma 


This is Newton's mirene formul, 
emul 


£0 Never yy 


WC EN Kh the 
quantity, ankneaen 


7. (dh 


iO") = LAN 


4. (b) Now, : “seme sdem 


é: Bem 
° 1 
12cm 4em 
Dy 20a, 
l2em * 

Fig 111 


(et tecr —, eee 
ed Be 
ME Stes 
© tere 7 
0 
1 6A maybe tree 
Fez 
er ta ey, 
from 
New, 
10. te) 


Fig 9 
r Lig 


or 

sin) sinz0 

x R 
wg 
aint 2sinDews lh 

R 

oF ** dat) 
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rte 


Hy wouldactasan object for the plane mirror, ; 

Clearly, the image is formed at a distances There in.an apparent 

in front of the mirror. surface towards the y 
Effective distance of 


shift of act, 


UNKil ver, ar Hal silvered 


© A common misconception 


[= us is valid under all sttnatiyis! 14. (d) When there ix no wa- ¢ a red a sh 
? ter in the mirror, the rays ‘ from unsilvercd fae « : es 
of light are incident nor- H aes 
only ifthe aperture ofthe murror see an sae eae nae irra - 
You mught have thought (a) to be the SS Dine i Sane 


(c) is (he correct op: t h St 
correct option. But fc) as the ) Tee dling catneddent se penertcks on 


fon i Lject us shown ° . Point abject 

It muy further be added here that ax Hi Ree Fig. 117 sine 22 Sin Hiect = 11 em 
Be A stance of i om 

aperture becomes smaller and snualler, ee is Meese lad vilhagi tein Dilan em svete ag 


(also becomws smatter and smatler, In 


the equivatent focal length F is given by 


| 
| 
This is tncoriect. This relatian ts true | 
) 
{ 


a 7 
the limiting ease, = 5, « 1 ae gének £ The second image isthe bright 
F fuatcrtors — Feuneavemirror water lene pare ec 18 produced us q frail gp 
A first reflection 
11. (b) Note that the anx 1 : 1 " nat af the silered face, 

distunce of inuyse a oF Ther Tosca fcg. « famicate woe 1. (a) Fig.121 + 
from the man is . 04040160" ! 
10 m. ae - 21. (a) or once or 9=60* 

zm 
Now, =—— M4 . 

1m 


= 0.2 radian, or 


12, (c) 
or 


==> or Fa : 
+ Cleurly, focal longth of the new optical sys- A 
tem’ than the original fon! length. So, 20on - 
the object is effectively at a distance greater Fig, 119 : ; 20 
Ss 


than twice the focal length. So, the real im- 
age will be formed between F and 2F. 


Fig. 122 


Clearly, the distance of I from P is 15 em. 


= i Now, us-25em,v=15 
Heute at A is odd andobjeet ies asym- ie eas 
etricully, 
metrically, ; _ = Number of reflections Ure ee or out Z 
toes seta 
or 16. (a) 200% 3 ; et etre 
5 = 100 x 1.752 = 174.2, 
13, - (d) i wen 
m . oF ot fe Semeansen 
19. (dl) As [AB and ICD are similar, 22. (d)ForA us-3m,v oe 1m 
10, = 2,fs— 
go Cc 
' A 
— 4 
j I <I E 
ee «| S| 
Fig. 118 . , 
17. (d) A thick glass mirror produces a number . D 4 
: of images. . 
see Fig. 120 ; 
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Emporium: Competitive Physics (Objective) 


eee 


Now. oy = oy « 


1 
Ayain, hn 
Ay o" 


u 
-Yo,-foty(ay 
= heedon fa 
=-Im 
« 2. 
Agwin, eet 
ruin, Be 
‘ 5)(1 , 
1 --( -A)(4)e ree 
or 2 i TA 
2 ta) ote yy ALA 
6 San 80-9 * G00 30 
1 asso 


900, 


Do nat tw confi 
date in the prob 


24. 


Fig, 125 
00 -(0+ 00 + 20 + 0-1) 1N0° 
or -20+110°=0 or (= 55° 
26, (c) 


= en #80 em, | 


1 is the imago, of O, formed by My. Its ata’ 

dintance of 2m from M,. 

1, is tho image of O formed by M). Ite dig. 

tance from M, ix 8 cm, Distance feat Mir 

18 em, 

* 1, is the imngo of 1, formed by My, Distanee 
ofl from M, is Ww cm, Distance of Iy from 


10) ems 220m, 
26. 


i Fig, 125 
GO" + G0" + 90"-4 = 180". 


7 ; “i 
27, (c) i ' 
w A 
F | | 
B N 5 
Fig. 126 
Ax ECD and BA’ B' are similar, 
) FF 
Se — Biss 
ah" EG or CD =e XA’ =f Ab, 
7 ; x12me4m 
28. (a) 


M, as 12 em, ‘Distance of I, from Me (24 : 


(aie 


20. 


30. 


32, 


ND" + 110-1 6 gy 


oF AUN Gp ene 
i bak) 2 
(a) Longth Of image (& r -~ =" * ° e 
q 
7 Mois aes 
=a 
or 
or 
: vem. : 
Distance from centre © 3M 


MW (6) The amended 
Statements are as 


‘i follows 
Now, compare with yey 
py YE ee, “IC is tor, the tay ae 
(a) op gin any alls Will not refract, water 


fine land If =e, the reflected 
and refracted rays 
will be at 99" ~ to 
cach other, we 

It < ¢, mast of the Heke 


. light is re. 


Wa 


will always 
be reflected, 
Iree, the 
light is ree 
fracted nt 
angle > 4 in 
the wir, 


Rofected 


Fi. 128 


Fig. 11 


(c) Think in terms of reetangulur hyperbola, 


15-135 A 025 
Sa OP 
n DR 
Von 
" . “ q Fig. 192 
At 
20040 8 
, 20° if 
or hey em= 5 em=25en, 
6, ix sine’ 
—aA 36. (c) babar 
But +r =" 
Fig. 129 
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37. 


3B, 


or 


fo 


sing, tant 


a7 'tanid 


or i, 
(c) hy BIN, = yt sin 90° 


or Hy sin O, = 1 


When water is poured, 
Hy sine = jt, sind, 


or hy sin 

Anain, 3,810 = phy sine 

or p,xind= 1 

or sin = 1 or 0 = 20% 
(b) 

or 

or 

or 


at 
Now sin (4) =r) = 


or d= Ssin (=r) 


or d= sin (G0"-30°*) = Ssin 30° 


tive Physics (Objective) 


Emporiuin. Compelil 


40. (ec) 


Fig. 136 
ike 
tani, = I 
1 


Also sin (, = ng 


3AM x 275 x275K9 2 


41. (b) 
1 
or }+2 ( 
or 
Fig. 198 
Now, - 
or 120(1-1)=R A) 
Again, te2tet4b 
BM TA hi Tm 
2g al 
oF Ff, Ry2 
a Li 2 
or 2-2u-v (2)+2 Fig. 139 


Loa 4 
F Renin 
or ok 

2y 

-Rk 
Now, Met 
or §=40p=R 
‘Dividing (1) by (2), we got o2) 

120(u-1) R 
4 RT! 

or = 120(4-1) 340, 
or 120n-40p=120 


or 80 p= 120 
"120 
or ap SELLS 
42. (b) 


43, 


15cm 10cm 
Fig. 140 
eed 
uv -16 10 . 
or = Az _ A 13-2 
v 10 16 vB 
or v=30cm 


Clearly, the rays coming from the convex 
lens should fall normally on the convex mir- 
ror. In other words, the rays should be di- 
rected towards tho centre of curvature of the 
convex mirror, . 

2f=20em or f= 10cm. 
(oy 


Fig.141 


Clearly, 1 < 60" 
1 Maximum possible value of i, 1s 60°, 
Now 


Hy= My sini, = 15 sin 60° 


a 


elixm 
2 


" = 1.5 « 0.866 = 1.299013 
44. (a) i : 


Scm Son - 


Pig. 142 


The focal length of the lensis clearly 10 cm. 


45. () The angular Tange is clearly twice the 
critical angle. 


46, Ce) tang => 


or rsAtani, 
or rah 
h is doubled, r is dou- 
bled. + Fig. 143 
47. (a) The central ray goes undeviated, 
So, Wy =H. 
Also, yy <p. : 


48, (d) Deviations at Aand Bare equal in mag- 
nitude and have the same order, 


Fig. 144 
» Total deviation 
=(a-B) +(a-B) = 2(a-B* 
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p : fa 
in equivalent to a con 

do of material 
ave lens 


49. (d) Thegiven system 
bination of (1) convex lens ma 
of refractive index 1.5 and (14) cone 
made of material of refractive index 1.6. 


Ji, 
Power of convex lens = (1.5- 1) T "Ri 
4001 
20° KR 
or Re i m, Power for concaye lens 
5 


= -(16-1)x2%5=-6D 
Power of combination = 51-6 D=-1D 


100 
Focal length of combination = =a" 
=-100cem 


50. 


(c) In P, power = 98..2+06(-2- 3) 
zt _ 12 which is negative. So, P is a di- 
sve ait Sanitinations 

In Q, power = 95 x2-06 xi, which is 
positive. So, Q is a convergent combination. 
51. (6) 


62. (c) 


Fig. 146 


63, (6) » rehtani, 


h 


or san Ford 


Ei 


54, 


67. 


; j 
poriun Competitive Physics (Objective) 


Ta 
D 


wie am ! 
16 7 
De2xdme6m 


x 


Fig. 147 
1 1d 
(a) 7 a(16- v(4-4) 
1_,,3-4 
7708 ay 
1: 0.6 x 1 
dL oees ¢ 
7" wm fai 
1 8, 
20 
or fee poem “Fig. 148 


(a) When convex lons is surrounded by 
denser medium, it behaves like a diverging 
lens. 3 

(b) 


Fig. 149 oe 


At the second surface, the angle of incidence 
is greater than critical angle. So, light is 
totally reflected at the second surface. As is 
clear from the ray diagram, the light emerges 
out perpendicularly from the third surface, 
(b) 


Fig. 150 


a 


58. (a) The refractive 


ortics 


AconA 
sind uy 


or 
or Us 2eosA 


Index, sn, (from medium 


1 to medium 2) for (wo given media lond2 


is givon by 
ngs Speed of light in medium 1(e,) 
Apced of light in medium ez) 

= Mavelongth of light in medium 1 (4)) 

wavelength of light in medium 2 (0.9) 


Now, nye Bad 
nm 4 


©) = 2.0% 109 ms-! 

, = 600 nm 

3 20x10" _ 500 

4 % da 
_ 3a 400 nm 


Hence, 
© €9 = 1.6% 10% mgt 


59. (d) 


10em 
Sem 5 
WT cm 


Fig. 151 


At G cm from the first lens, the second lens 
has u virtual object (image of the first lens) 
at.its focul length. The emergent rays are 
therefore parallel. 


<Scm >Sem 


+ 


Divergent ight beam 


When the second lens is closer than f.cm to” 
the first lens, its object is outside the focal 


©. (6) Ail the th 
61. (8) 


ree situations arg equivalent, 


Pig 153 


When an object is laced between 

(focal length) of the diverging pest eral 
age isvirtual, erect and diminished as shown 
in the graph. To compute the distance of the 
image from the lens, we apply 


ee ee ee 
fou -2 » % 
_ (20) (30) 
; 20+30 

= —I2em(tothelef ef the di i! 
ree iverging lens.) 


= vs 


29cm 10cn 


Fig. 154 


The image on the screen is real and inverted. 


The size of the image on the screen has ap- 
erture size given by 


size = io, 3) 05 em 
20 


Hence, the path of light on the screen is best 
represented in diagram d. 

63. (a) Adiverginy lensis ruled out because both 
x and y are positive values. Both x and y 
equal 20 cm at their smallest sum, which 
occurs when 
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67. 


xeyed0eme af 

feldem 
This indicates a converging lens of focal 
length 

«10cm 

(d) Diminished erect image ix produced only 
by a concave lens. 
(b) Power of liquid lens ; 
a £10 26D 
0.20 10 
Power of concave lens 


= (16 - uf 


2 
= -(L$-1)—— =-0.5x10D 
(15 -D5 55 
=-5D 
Total power of two concaVe lenses =— 10 D 


Power of system 
2-10D+6D5*-4D 


Focal length = 4 m=-0.25m 


sine 1 
— = tan30°= 
(e) sint ‘ Pcs 
sin 


V3 or w= V9 


or —— 
sinr 


So, speed of light in Y is V3 times less. 
(a) Since the refractive index of the liquid is 
greater than the refractive index of glass 
therefore the focal length of the system has 
to be negative. So, options b and d arc ex- 
cluded. 


1 2 
, pr =Q5-D)> 
Now, u ( DR 


or R= 24cm . 
Again, for liquid concave lens, 


* 6 


70. 


1. 


rporium: Competitive Physica (Oljcctive) 


So, the graph cannot bo a straight line, So, 
(a) is not true, 

Graph II indicates that Increase {nu in. 
creases v whichis not true, So, (4)ia not true, 


Again, u 
Again, 7 
vivly 
—t-e- 

uou . f. 
x 
: 12% 

- TF 1 
Graph should be linear, So, (c) is ruled out, 
agsin, 24424 

a ri J 
It tox ond toy, 
u v 


then we get a straight linc. So, (d) is true. 


1 1. 
t.q-n/—-— i 
a * er i] 


HEE 
“f \2 o -20 
oe oe eee Fig. 155 
f 2 20 
or f= 40cm 
(c) . A=rtr, | 
30°=r, +0 
or r,=30° 
sing _ 
Now: sing0° a 
a 
or sini= vBxe Fig. 156 
or 
or 
(c) 
n Si, 
or 
or ieain! (3) Fig. 157 
0.8 x 107 | 


(a) Hy = 1.20 4 ————_, 
' ' * (oo x 10-9)” 


ornics 


or My" 1.204 04+ tot 
0 (O40 715 
or Hy" 1204 28 
or Hy, = 1.206005 fe 
or M,= 1,26 at 
1 
ning “126 


or sini, aos 


or 4, = 69,13" 
Again, 


Fig 159 
Ha = 1,20 4 08% 10-4 
(600 1979)? 
or Hy = 120 4 028 


25 
or Hz = 1.20 + 0,032 
or Hy = 1.292 


——; = 1,232 
sin & 


wie 1 
or sin t.'=—— =0 8] 


1232 : 
or é, = sin” (0,81) 
= 54,26" 
Now, sin 0 = 0.8 
or 03 63,13" 


This angle is clearly greate i 

r tha i 
angle corresponding to wavelength 400s 
So, light of 400 nm wavelength unde: : 
total internal reflection. mes 


73. (a) (90-i,) + (90-1) 4 90 


sin’ = sin (90° —r) 
=cosr 


Of ain sera) 
4 sin 
«fit 
Beant 
w dj,, 
iieull 
es 11, @ tant wtan 
‘ete (tanr) vig 140 
1. (6) wale t 
oa? 
4 2 
fing” °F sinter 4 w 39° 
e 


Fig. 161 


2 45mg 
=—s 
2 ms" 


Actual velocity of bird 
45m! 
77. (c) When n= 1, 


HO) eg = 
HU) >, 
When n=2, 
B= hg 
(2)> uy 
When n=3, 
ei <8. 
0) M9 53-18 
(3) > py 
When =n=4, 
(4) =p To 
H(A) > bo 
When n=5 e 
B08) = ty - 7 
W(5) <p 


Clearly, the total internal reflection shall 
take place at the top ofa layer having n = 4. 
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; i i pricy 
is Emporium Competitive Physies (Objective) 
ye 100 em ; 439 
. = 120em ; 
ia rehtant, Lae , or ragn (tA 
wa) NE pe? i ; tin (5ae4) 
a " BLES 111 or’ Vi~ain?r2—t 2-2 
wah or rel eoote 1g 87. (d) mel 
or evra & Foul ; — 
ae or (1~sin?r)2— 7 
put sing = 7 == 100 - 120 35 (2) : mf=f-uv or mai-% 
1 6+6 2 1 ; e rr 7 
i.-—— : ; 
eee am ae or (1 sin? ry Mf monats 
rah 1.2 Fig. 164 ‘ uy or tho casa 
teat of real ima: 
oe Now FF fm fi. : ni kin egativ ee, magnification is 
r “ eek ae amine ey v 
; 7 - . « or mat} 
: Ww-t or fe 2x , or "eee ttt Comparing with y= me +c, we fi 
are fl 11 i Ciprocal of focal I pana 
2 Este ‘ a used hes a ghrmeal of fora! length fequals th slope of 
q I? C| t 
=e ; Gi [Negative sign is not to be us ere) . [:- Rin’ is wy? Pt ; 
yo" 1200 «109.1 , We ha’ > stants 
ight of object or Ay ae A8e5 f c 
79, (6) Apparent ne of obj u or hy? ~sin? tzu? 88.) Ae rst 
2 Academe 32em Bs. (ce) ete moe Ma * or wsintiznt—y2 * * War, 20" 
- — Zul tad a 
— 7] or sin?ispt-p2 or 
ke Nose that when fish looks at the In the first case, aa hy Ris 30° 


wy two. 

-d -v - — ; P el 

d : eer r sin x 

: lon Li | or issin” Ju? . tevaxs 
1 


odyect in air, 
ane: or AD=pxRD 
RD 


=a or old Clearly, the 
= . ye maximum vy. - ‘, 71 
80, (a) sini, ak a Fig. 165 alue of ¢ is or sint= Fig. 170 
15 3 or ve-= 
Pee he a . " or te 45° 
or isin (3) =sie" (0.6667) = 41.8 In the second case, , ss aba 
‘The angle of incidence on face AC is 15° 3 
which is clearly greater than 41.8", 
81. (®) Note that two refractive indices are in- "8 Sets 
P xX OW, t CL 
By=t e ’ 


\ sin o. A A 
or 2.2 
sin — Ss — 
sinr 3 

or sinr= — 
° A 
=cos — 
2 
or ‘sinr= 1 sec A 
2 2 


‘Fig. 169 
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460 Emporium: Competitive Physics (Objective) 
00. 1 (3 2 
92. (c) A “G - 1)(2) 
dad or Re 10c 
7 ht ™ 
a -(3 s jz 
hh \2 Rr 
or R= fy= 200m 
1 4 1 1 
P| (es ee || (ee 
Now e+(5-1 aan] 
Bind Bet ad 
me f& 3 20 20 
Tee Irae ere 
Now, ==—>+—+— 
Fig, 172 FARA 
From Aabe, A + 90° + 90° -1 = 180° or t-1,1-1 4 F=l0cm 
a wk F 10 20 20 
2 oe For real image 
Now, complementary angles at point d. 0 = ar 
2i ms 
oe 0=2A Now, m= alt. P 
only (b) satisfies this. 
91. (6) -2.—20 
10+u 


Fig. 173 


* Following arguments lead us easily to the 
right choice. : 

(i) Angle between any two lines is the 

same as the angle between their per- 


pendiculars. 
i=390° 
sa 1 _ sin 30° 15 
—= in r= — =0.75 
(it) is sine INE 0. 
or r= 48.6" 


@ii)  0=r-i=18.6° 
Required angle = 2 x 18,6° = 37.2° 


93, 


* or 


or 10+u=-5 
For virtual image 


or u=-15em 


fF m=42 

10 
Now, ee or 10+u=5 
or u=6-10 or u=-5em 
(c) 

Fig. 174 
or - = 2 m=105m 
(d) 
or 


or ich 
eget oe 


1 
fens 
Ya 
Hy 
or Tasin?y, By! 
Hy 
sing 
t — 
Bu Bin” Wy = 2 
1 
or Sin r = Mysine 
25:02 Ma 
y— Hit sin’ iu? 
He My’ 
2a. 
oF, AE eat 
2 a 
Ha’ 
uy? sin? ; 2 
or ca weet de 
: ue My 
2 
or sin?j= 42) 
ye 
or 


(c) Distance as estimated by the bird, 
gg sy edt 
pent 


Distance as estimated by the/ish. 
Leal 


Now, Se _ ye thy 


1S, 57,4 


1 y+ 22 
m 
2 
ee Sp _ bye +n? y, 
Si wt y2 
or S22 Hyp +h) 
Si +H 
or ro 
An 1 


(d) Clearly, A =i, +i, =2i, 


us fea 
2 


MMS 15-1 
“72 ye 
or A511 

oy 2 
or v)=-3m 


Due to refraction at plane surface, the im- 
age 1, would be formed to the left of the plane 
surface at a distance of 3 m. Distance of 1, 
from the curved surface is 4 m. Refraction 
at curved surface 


Be My Bsa 
“kou R 


or 4295-48 
v 4 
« dod 8, 428 
v 286 8 
or v=8m 
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98. 


99. 


100. 


101. 


sint 


aint oy 
{Sin A 


If and Aare small, 
then 


Fig. 178 


or ropa 
(b) Total apparent depth 
: d 


(a) Angular size 
is 2i,. The value 
of i, depends 
upon refractive 
index of water 

and not on the V 
depth of swim- 


mer inside the Fig. 180 
tank. 
ror 2 
fe) sini= 5525 
or sini, = 0.6667 or i, =sin"' (0.6667) 
or (= 418° 


The light would be incident on the second 
face at an angle of 60° which is greater 
than i,. 


Emporium: Competitive Physics (Objective) 


Clearly, the angle between incident ray and 
emergent ray is 120°. 


26cm dem 


30cm 


Fig. 182 


I 5 5 
Y,—-=s—-=— or l=—x2em=2; 
Now, 5 7 4 Sem 


(8) Using Snell's law, 
ht, sin f= (1) sin 90° 
1 
“Sint : 
{c) Minimum deviation, the refracted ray is 
parallel to base. 
(c),Flint has larger refractive index. So, ity 
prism must be of smaller refracting edge, 
Also, dispersion favours flint. ; 
(b) Figs. (a) and (d) depict dispersion at one 
face only. So, these are wrong. In Fig. (c), 
emergent rays are parallel. So, this is wrong, 
(c) Deviation should take place at each face, 
Dispersion takes place at first face only, 
(d)A+Ssi+e =2e 
or §=2c-A 


3 
=2!—A|-A 
or 6 2(3 } 


103. 


or He 


107. 


108. 


Fig. 183 


109. 
110. 


(c) A halved, & halved. 

(d) The unknown colour X can be any of 

the three: violet, indigo, blue, 

111. 
right is in the increasing wavelength. The 
higher the wavelength, the smaller the fre- 
quency of the emission spectrum, Thus the 
left-most line represents the ultraviolet 
emission while the right-most line is associ- 

* ated with the red light emission. Hence emis- 

sion line X has the highest frequency (thus 

shortest wavelength) and is at the ultravio- 
let end of the spectrum. 

(d) The best position for the eye is eye-ring. 

All the light that enters the objective from 


112, 


(6) The emission line spectrum from left to 


| 


ornics 


the object must pass 


ring. Usually, the teleaen UE the eye. * 
is dedi c 


ke th Ting di. 
mexe Peyerin damete oye a M6 ib) yh 
Rte t -4 
the eye-pupil width, Use 1_1 n . A 
: i v for the 50 
eye-piece, With the obj... 
object. "e objective Acting as th 
11 1 
eS -—=_ 180 
e e0 500 "20 800 
or v= 2000 
48 ™™=208 mm 
ul 
. (6) Q=- 
113. r 
(a)5- 34 
60) 180 1000 * y 
a ; 
<= ito 4m 
Fig. 184 
or Ye 8 SOIR 
1000 22 50 
= 10.3 km= 10 km z= 3 AE 
b) 22 = 4800 _ : die" eae 2 
114. (5) 21 6000 = GA'B'=6 x 50x tan 
New resolution limit = 0.8 x 0.1 mm = 0.08 = 300 « tan (0.5333) 


mm 


300 x 9.308 x 10-3 = 2.7924 em 


(a) Refer to diagram showing telescope in 
normal adjustment. 


117, 
«© (i) Resolution limit « wavelength. 


(ti) Resolving power « 


— 
wavelength 


115. (a) For the objective, + -—!___1_ 
ty 


-138° 1/4 
or +3824 or seoeet 
% % 5 


=5 
or Uy =5em 


38 
Again, M=M,xM, 
-95=-19x M, Fig, 186 ; 
‘Telescope in normal adjustment = Final image 
atinfinity . 


or M,= <3=5 
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119. 


120. 
121. 


lh a—”—sr—sS sash 


A & 
fester 2g 


tM 


Seath-A 
2 
or d=22u-NA 
Ds 
Bord 


Di. 


oP oe DA 


or 
Ds 
obo 1= Oona 
or pele Do. 
2aAl 
(c) Note that the path difference is 2A. 
(a) Path difference D 


itive Phyeice (Olyective) 


, Compe 


Bmpouue 


pum nerily, 


(a) Vor renee 
AD - BD =n 
ADe nk BD 


122. 


of 
of 
Nue, AD? © 
ett i 
“ce nipbanie Wht, 


AD ~nh* Fe 
AW? = BY? 


ADP 43, 


ee Digntex,? 
ort Qniz, = (15-0? ’ 
a; 
a6-n) Sa 
or 4° oh 
For n=1,2, 
For n= 
For n=3,%5 
For n=4,x,=0 rr 
Thus, there are only three’points where 
maximum is observed. 
123. (6) 2yt =n? 
are ea 
10 6000x1077 : 
ar rs es Fig. 190 
© 22104 «109m = 2% 10% m 
ik _ ft 2x 10% 
Now, asy or x= a. 001 
=2x104m =2% 104 «10mm 
=0.2mm 
g a 
124. (a) Path difference = yx? #d? -2=7 
“Now, fx? +d? -x = 
a 
or yx*+d? arte 
rd 
orx?+d?=x7+ teh 
72 
2 ey 
ape dha eeh Fig. 191 
ou 
or x=—--— or 9A-0.25A =8.75h 
125. (d) Shifton screen =2 8 : 
. So, corresponding change in path difference 
=2h 
126. (6) Factual information. 


dle 


Jecas A OMI Yeti, Atty 


n 

winch are porated y try 
se A 

A: tte y 


wu. 


a) yt bred no 


um 4 ey 
D 
ao a7 Dio 


D 
or Wa qh 


15DA2 op 
or “Tg -us . 


or 15), = yf 
. 157, 
or B-ps—— 
{ 


or Weape 


(e) Path difference = |? «a? _p 
For dark fringe, 


yb? +d? -p 


129. 


13, 


2 
or Dragt= 0 +* 4p) Fig. 192 
nlbiteengee Oh 
or Di=d? Neglecting 
d? . 
or =—_— . 


Time-saving solution <1 < 


is] 
¥i~ 
, 


2 4d? - 
i tS 


e.. (ve we)" “pe 


v2 
d2 
ofr] - 


i} 
" 


135. 


© 
g 
i=] 
— 
- 
+ 
Nin 
[5 
t 
“= 
1 
9 
" 
ml rly wl ely 


ya, a) HINA tries eee ee 
404 bee 


Ai tenet dime « 5 * 
Db Fi we Me. ogee 


pa a 
wom it te ¢ ‘ 
4 UV 4 howtet G1 0 geane 


Fy ee 
tere 6 aed ir; 


; 

bree 

oe 0m tewenn, weve: aeroreg Bt ha = 
z 


In the dee of 


scams hase a phaue CEs 


{c) 
s 
£72) 
Fig. 194 
y2 d-d=(-e 
sor a J2 -1)= (15-1 
or t= J2 - 1d 
(d) Phase lag of light from S, is 3esind + 5. 
For maxima this isn , 2x. Inthe range avail- 
> 3 
able we have sin d= =, ana 5 
On 
(b) Data require (2) S)A>2=p =n. 


That leads to S, A=(n + p)2 
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136. (d) Intensity of AD, fy = i! 


137. 
138. 


139, 


40. 


3 
Intensity of AC = ru 


a4 
a a; 3 
F 2 
2 a? [S++] 
Inne _ (4) + G2) _ a2 
Jean _ (Qn * G2) 5 
Imin (ay - ay)* of(2-1] 
a; 
2 
say 
LAS 49 
2 aie 
(53) 
3 


(e) Faetual information. 
(ce) Path difference corresponding to Sth 
maximum is 5).. The corresponding phase 
difference is 107. 

Di 
(a) j= — 

A d 

For less d, [} more 
(c) It can be shown that the separation of 
the bright fringes of a double-slit interfer- 
ence pattern is given by 


se Bright Te |Ynes 
fringes I 


i= 


Fig. 195 


LEA 

Inet“ In = 
where L is the distance from the sercen to 
the alite, in the dixtunce between the slits, 


Emporium: 


ll. 


142. 


143. 


144, 


Computitive Physics (Objective) 


dis the wavelength of the source. Thus, 
separation can be incrensed by increasing 
L, decreasing d or using a source of longor 
wavelength A, 

(d) It can be shown that tho separation of 
the fringes of a double-slit interference pat- 
tern is given by 


; aw 
fringe separation = a 


To increase fringe separation, one could 
(i) increase wavelength of light or decrease 
its froquency. 
(ii) inerease the distance / or/and 
(iii) decrease the distance d between slits, 


(e) 


Fig. 196 


To increase the separation of the fringes, we 

can 

(i) increase the distance (L) between the 
serecn and the slils. 

(ii) decrease the distance (d) between the two 
slits. 

(iii) decrease the width of each slit, 

(iv) replace (he source with one of lower fre- 
quency or longer wavelength (e.g. red 
light as suggested in the options), 

Noto : Changing the distance between the 
source and the slits does not increase the sepa- 
ration of the fringes. 

(d) Path difference should be an odd mul- 


‘ 2 

tiple of 2 fo} 
(b) The following ar- 
guments shall lead 
us to theright choice. 


( d 
i) cos = Op 


or OP= too 
=d sec 0 

(ii) Treat OC as the 

componentofOp /A 


Fig. 197 


4 


oS 


145. 


OC = OP con 20 
=d sec cos 29) 
ii) Path difference =(d seen, 


Corresponding Phare dn iy 
=(d see +d see cos 9) ge 
(iv) Effective phase difference 


= (d 8060 +d seen cox gy 28 


af 


(v) For constructive interference 


04d seco 2n 
(d) see £05 20) +R a lOnke 


cos 0 


2n 


Tm = ne 


dod 
a [= 0 - @ tox? o- i] 


or (2d cos 0) = + n= ng 


4dcos0 vie 
or = =2n 
4d cos) 
or 7 (=I) 
or cosO= (2n~ Wy, 
4d 
Ir n=1,cos0= 
(d) dsin0=2, 4d 
d0=2, A 
_ 600% 10°? D e 
r x10 Fig. 198 
= 6x 10“ radian 


Distance between minima = 2AB 
= 2D tan0=2D0 =2x2x6x10¢m 
=24 = 104 m=2.4 mm. 


Fig. 199 


7 


In gen, 
real, 

revel the a, 

"racing 


ding ons 


le of a, 
GN rae: mi 
ha Mtlon beam ig Telaled to the 


Traction 9 of the 


D. 
HI 9s — ite 


(OTA isthe 5 
ing, then the OPE the lines om the grat. 


147, 


Now, 92S anda 


” dain (3) +B mw 


148. (d) The diagrammatic Tepresestation of the 


Biven problem is shown in Fig. 200, 


Fig. 200 


For P to be'a minimum, the phate iffer. 
ence of secondary waves from OQ and A (or B) 
is bie: of phase). Hence, the phase differ- 
ence between the wavelets from the Cad 
site edges is 2x. 
(c) Distance between successive wavefronts 
isa wavelength ). Thus between wave! th 
XY and point P, the path difference = 
Time taken from plane XY to reach Pis thus 
v. 
t=— 


c 


M9. 


150. (e) 


Fig. 201 
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Let the centre of the slit RS be d. The first 
dark band will be formed at an angle 0 to 
the incident beam if the path difference of 
light from the strip just below R and the 


wavelength of the light. This happens forall 
pairs of corresponding strip in Rd and dS, 


i 5 
Strip-just below d is 7 where 2 is the 


oe 
because the path difference of — exists. 
Hence, there is no light in direction 0 when 


dh =% or SB = aA = 


te,  SP-RP=SB=i. 

ow, sin = goes 
Now, sin0 =sin ZdRA = RSs 
(c) In diffraction/nterference theory, two 
contributions like A cos iw and B cos (wt + a) 
arc represented by two vectors of lengths A 
and B with angle a to get the resultant am- 
plitude with the correct phase. Since the dis- 
turbances are along the samc linc, these are 
not vectors in the ordinary sense of the term. 
These are called phase tvectors or phasors. 


Emporium: Competitive Physics (Objective) 


ifTe Big ir 
Phase difference = 3 (a sin 0). Moreovey, 
anticlockwise is taken as + ve, 
162. (6) 


163. (b) = Sr 


ahh, = cot 8 


eine 

: c=sin (tan 0), 

164. (a) Amplitude decreases by a factor Ofcos 9 
ie., by a factor of. So, intensity decreases 


9 
by a factor —. 
y a factor Te 


. When the pressu;, 


4. 


) ein i 
is nearly 0.3 mm of ee discharge tube og 5. 
produced. + Cathode rays are + Einstein's Photoelectric equation j 
thod =e 
Cathode rays are fast Moving e} BZ met shy 
InTho ; lectrons, 2 Wen = hye, 
mson’s “xperiment forthe detorm where 9, is the work f 
i- rial. ‘unction of the mate. 


G 
nation of —, 
m 


. a E 
m 2VB?" 


In Millikan’s oil drop method, 


_ Vp og" 


6 = ihe (fe 
mop (rmula for De Broglie wave. 
length) 


A 
Also, A= 
Vomev" 


469 
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Emporium: Competitive Physica (Objective) 


i] Selected Multiple Choice Questions 


4 


* (a) 20W/ mn 


Choose the correct answer from the four alternatives given in cach of the follow. 


ing questions: 


A photocell with a constant p.d, of V volt 
across it, is Muminated by a point source 
from a distance 25 em. When the source is. 
moved t6 a distance of 1 m, the electrons 
omitted by the photocell 

(a) carry 1/4 th their previous energy 

(b) are 16th as numerous as before 

(c) are 1/4 th as numerous as before 

(d) carry 1/4 th their previous momentum, 


In an electric iron, electrons are acceler: 
ated through a potential difference of V 
volt. Taking electronic charge and mass 
to be respectively ¢ and m, the maximum 
velocity attained by the electrons is 


7 
(b) 
m 


(c) ImleV (d) w2/Bem, 

What is the threshold wavelength of a 
metal ifthe photoclectric work function of 
the metal is § eV ? 

(a) 2490 «10%m = (b) 249A 

() 830A (d) 2490 A. 


When photons of encrgy 4.25 eV strike the 
surface of a metal A, ejected photoclec- 
trons have maximum kinctic energy T, eV 
and De broglie wavelength A. The maxi- 
mum kinctic energy of the photoelectrons 
liberated from another metal B by photons 
of energy 4.70 eV is T, = (T, — 1.5) eV. If 
the De broglic wavelength of these photo- 
electrons is A, = 2),,, then 

(a) the work function of A is 3.25 cV 

(b) Une work function of B is 3.20 cV 

(c) Ty = 2.00 cV (d) T, = 2.75 eV, 

In n photoclectric cell, velocity of ejection 
of clectrons emitted depends upon 

(a) frequency of the incident light 

(b) intensity of the incident light 

(e) work function of the metal 

(d) none of these. 


6. 


7 


11. 


12, 


13. 


Inphoto-clectric emission, number of elec. 
trons emitted depends upon 

(a) Energy of the proton 

(b) Intensity of incident light 

(ec) Work function of the metal 

(d) Wavelength of the incident light. 

The energy of a photon 


fc AL 
ta) ) = 
(c) > (d) None of these, 


Which light when falling on a metal will 
emit photo clectrons ? 


(a) Ultra-violet radiation 

(b) Infrn-red radiation 

(c) Radiowaves 

(d) Microwaves, 

What is the rest mass of a photon ? 

(a) zero (b) 13.6 oV 

(c) 1 MeV (€).3.1 x 10-7 kg. 
The energy ofa photon of wavelength is 
(a) hoa (b) Ach 

(c) Whe (d) ANe, 

4 cV is the energy of the incident photon 
and the work function is 2 eV. What is the 
stopping potential ? 


(a)2V (0)4V 
(@6V (d) 2V2 V. : 
The momentum of a photon whose 
frequency is v, is . 
hy Ac 
(a) — ; 0) - 
A ¢ 
(e) a (d) We 


For a photoelectric cell, the graph show- 
ing the variation of cut off voltage (V,) with 
frequency (/) of incident light is best rep- 
resented by 


» A 


16. 


17, 


ELECTRONS AND DUAL, MATIN oF 


Vo v,| 
— 
(a) cy 
(hy 
Me 
“> 
@ 9) 
Fig. 


Ifthe maximum K.E, of hi 

4.2eV, what should be the pat tons is 
anode with respect to the cathola ofthe 
the current becomes 80 that 


zero? 
(a)-42V H)~94y 
(O94V (d)+4ay, 


If Ay is the de Brogiie wa i 
tons, then what will b ‘theo ot pre. 


@ the de-Brop|; 
wavelengths of G-particles neveetle 


same K.E.? 

(a) A/4 (by ya 

(c) 2, (d) None of these, 
The ratio of the Cnergy of a photon with 


4 = 150 nm to that with A= 300 nmis 


1 
(a) 2 = 
(a ws 


1 
(ce) 4 Sau T 
Photoelectric effect can be explained by 
(a) Corpuscular theory of light 
(b) Wave nature of light 
(c) Bohr’s theory 
(d) Quantum mechanics. 
Ifan electron and proton are propagating 
in the form of waves having the same), it 
implies that they have the same 


(a) energy (6) momentum 
(c) velocity 
(d) angular momentum, 


21, 


(av (12 bey, 


. Light of fy lency 4, 

old tequenay nce ee soles 
tive material. If the frequency i 4 
and intensity is doubled, 
Current becomes 
(a) quadrupled () doubled 
(c) halved (d) zero, 
Neglecting variation of mass with veloc. 
ity, the wavelength associated with an 
electron having a kinctic energy Eis pro- 
portional to 
(aEw 
(EW 


(OE 

(ae 

Consider electrons and protons acceler- 

ated in a vacuum tube across the same po- 

tential difference. Which of the following 

is true? 

(a) protons have smaller momentum 

(b) electrons have smaller velocity ’ 

(c) protons have larger kinetic energy 

(d) protons and electrons bave same kinetic 
energy. ‘ 
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26. A point source of light is used in a 


27. 


29, 


30. 


photoelectric effect. If the source is 

removed farther from the emitting metal, 

the stopping potential 

(a) will increase (b) will decrease 

{e) will remain constant 

(d) will either increase or decrease. 

An electron and a proton have the same 

de-Broglie wavelength. Then the kinetic 

energy of the electron is 

(a) Zero (b) infinity 

(c) equal to the kinetic energy of the proton 

(d) greater than the kinetic energy of the 
proton. 

Ifina photoelectric experiment, the wave- 

length of incident radiation is reduced 

from 6000 A to 1000 A, then 

(a) stopping potential will decrease 

(b) stopping potential will increase 

{c) kinetic energy of emitted electrons will de- 
crease 

(d) the value of work function will decrease, 

Anclectron and a proton enter a magnetic 

field perpendicularly. Both have same 

kinetice energy. Which of the following is 

true? 

(a) Trajectory of electron is less curved. 

(b) Trajectory of proton is less curved. 

(c) Both trajectories are equally curved, 

{d) Both move on straight linc path. 


Which of the following graphs correctly 
represents the variation of particle mo- 


mentum with associated de-Broglie wave- 


Jength ? 
| | 
Pp Dp 
> a 
(a) (6) 
t | 
P Pp 
i Tae 
1) (d) 


Fig. 2 
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31. 


biceti 


Emission of electrons from a meta] 
illuminated with monochromatic electro, 
magnetic radiation will always take Bln 
provided s) 
(a) the radiation is sufficiently intense 


. (6) the work function of the plate is leas than 


32, 


33. 


34, 


36, 


the energy of a single photon and the 
is uncharged . 


(e) the wavelength of the radiation exceeds g 
minimum value, 

(d) the plate is always negatively charged 

(c) the plate is freshly cleaned, 

The stopping potentials are Vyand V, with 

incident lights of wavelengths dy and 4 

respectively. Then V, —V, = 


(a) 22 Ake go te( de 
eAHAp ey ag 


hef{ 1 1 he 
to w(t) (a) ay Dad. 
The de Broglie wavelength A of a Particle 
with mass m and kinetic energy E is 
given by , 

(a) deh JimE* (0). ORE 


(d) = PB 
Pm 


ae 
article of mass 10-'3 kg moving 


with . velocity of 10 cm sis associated 


with 2 wi.ve of wavelength 

(a) 6.62 x 10-8 em (6) 6.62 x 10" cm 

(c) 6.62 x 10-7 cm (d) 6.62 x 10 cm. 

An ultraviolet light source causes the 

emission of photoelectrons from a zinc 

plate. A more intense source of the same 

wavelength would give t 
Maximum No. of electrons! 
energy/electron second 

(a) more‘ the same 

(b) the same more 

(e) the same the same 

(d) more more 

(e) less + more 

Threshold wavelength for a metal is 5200 

A. Photo-electrons will be ejected if it is 

irradiated by a light from . 

(a) 50 watt infrared lamp 

(b) 1 watt infrared lamp 


Plate ” 


30. 


40. 


41. 


42, 


“43, 


(61 50 atl Ultraviolet |, 
my 


(d) 0.5 watt infrarog larn, 
p. 


The momentum of 
length 100A ig” ™ lettron op, 
(a) 6.6 * 10" yap pot = 
(b) 6.6 x 10-7 jo wy oa 
(c) 6.6 x 10-7 ke my 5 
()6.6* 102 kp my go 
Light of wavelengty 4 

é O00 Ai: 
a metal plate whose ywory func deat on 
The maximum kinetic eng tM is 26, 
ted photoclectrons Would by 
(a) 2.0eV Wisey 
(c) Ll eV (4) 0.5 ey, 
The de Broglie Waveleng , 
in the nth Bohr orbit j 
radius R of the orbit as 
(a)nd=nR (nd = armen 
()nA=2nR (inde arn 
Light of frequency 1.5 times th 

awency 1. etl 
frequency, is incident on Ea 


material. If the frequency j 
intensity is doubled, the pha ed 


th of an Cleetron 
S Telated to the 


becomes 

(a) quadrupled (6) doubled 

(c) halved (d) zero, 

If the frequency Of light ina i 
: e Photoelectric 

experiment is doubled, the stopp; 

tial will : es 

(a) be doubled (6) be halved 


(c) become more than double 

(d) become less than double, 

The photons in a radio wave of wavelength 

3x 10 cm have an energy 

(a) 6.6 x 10-7 J (6)6.6 x 10%%y 

(c) 19.86 x 10-4 J (d) 2.2% 10-4, 

In a series of photoclec- 

tric emission experi- 

ments on a certain 

Metal surface, possible 

relationships between 

the following quantities 

were investigated : oo 5 

threshold frequency f,, Fig 

fre f incident ee 
quency of inci 

light f, , light intensity P, photocurrent I, 


when pleted ag 
Pa straight: line 


PaaS COrectly identity 
Photoelectric quantities 2 


44, 


Pa 
8 


with a Steady poten. 
: a igs it, is illumi. 
Int Source of Ij 
nies the same light i pratt 
the i 
teed Photoelectrons emitted from 


(a) arc one quarter ay numerous 
() are halfas numerous 


() each carry one 
Quarter of thei i 
us momentum, thelr prov 


(A) each carry one ua; i 
ta 7 
sus hare, q of their previ. 
Which of the following physical phenom. 
€na cannot be described only by the wave 
theory of electromagnetic radiation? 
(a) diffraction (6) interference 
(c) photoelectric emission (2) polarisation 
(e) the reduction in radiation ii ity wit 
distance from a point ptm ie 
46. Which graph shows how the energy E ofa 
photon of light is related to its 


45, 


wavelength 1? 

E 

ol 0 

0 ) 

t + iy 
g E 
a ° 
cM’ 9 wd 
Fig-4 


——l 
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47. Whieh curve shows the relationship be 
tween the energy E and the wavelength 
ofa photon of electromagnetic radiation ? 


Fig. 5 


40. Photon in the name given to 


(a) an electron emitted from a metal Nuttarg’ 

by the action of light, 

(b) vn unit of energy. 

(c) a positively charged atomic particle, 

(d) an electron emitted from a metal Nurface 
by the action of heat, 


(e) n quantum of electromagnetic radiation, 


1. Aproton And an, 


Cm mon 
through the tame Particle ore bs fal 


Peters) 

ratio ; 

proton tate "aelen gr, of ie 
ret pant the 
(e) 1:2 

(d) 2 fz. 
2. Light of wavelen, h ae 
: tric surface and electrons ar etna 

Kineliconerey K. 10K isthe ed With 
exactly twice jt, ie 


8 Original val, 
length must be chan Ue, the wave. 
Bed to 2" 
(ayrre ‘ties 
2 (5 
wah 
(Aaxse xed 


‘ 2 

3. Lights of two different f 
photons have energies Levent ave 
spectively, Successively, illuminate, 
metal of work function 0.5 eV. The valle 


of maximum speeds ft i 
trons will be (Me eMited elec 


(a) 1:5 (b) 134 
()1:2 *@ast, 
4. The diagram shows a char; i 
0 Bed oil d. 
between two horizontal plates connected 
to a high voltage source V, Which of the 


following statements is/are correct ? 
1. If the drop is stationary, then it must 
carry a positive charge, 
2, If the drop is falling at ‘terminal ve. 


locity’, thon a resultant force must be 
acting on it. 


Fig. 6 


(a) 1 caly 

(c) Landg caly 

()1,2and3. 
6. The ratio of momenta of an electron and 


aD G-Particle which are accelerated from 
Test by a potential difference of 100 V is 


(at = 
(a) tb) 

() fre L3 
c (d) . 


‘7. When radiation is incidentona photoelee- 
tron emitter, the stopping potential is de- 
termined tobe 9 V. Assuming the charge 
to mass ratio e/m for electron to be 1.8.x 
10" C kg-!, the maximum velocity of 
ejected electron is found to bo in ms! 
(a) 1.8 « 108 (816 x 10 
(28x 10° (d) 10 x 108, 

8. A metal surface of work function 1.07 eV 
is irradiated with light of wavelength 332 
nm, The retarding potential required to 

stop the.escape of photo-clectrons is 
(a) 481 eV (3.74 eV 
(0)2660V (a .07ev. 


(2) and 2 enly 
(2) 21243 caly 
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10. 


1. 


12, 


13. 


14. 


al 1s needed for the 
out of the 
22 eV by the 


photo electrons 
surface of work 
radiation of w; 
(ayimigd 
te) 661 A 


is E 
bs bons 
n to 2E, the 


-adiations of 500 nm liberate photo- 
s fro: ¢ cesium Surface of work 
nergy of electron is 
(8) 1.36 eV 

(c) 0.65 eV (2) 0.6 eV. 

The work function ofa metal is 1.6 x 10-1? 
J. When the metal surface is illuminated 
by the light of wavelength 6400 A, then 
the maximum kinetic energy of emitted 
photo-electrons will be (Planck's constant 
k=6.4 x 10*Js) 

()15x 10-0 - (b) 2.6 x 10S 

(ce) 1.5% 10S (d) 1.5 10-3 eV. 
Work function of nickel is 5.01 cV. When 
ultraviolet radiation of wavelength 2000 
Ais incident on it, electrons are emitted. 
What will be the maximum velocity of 
emitted electrons ? 
(a) 3 * 108m s-} 

(c) 10.36 x 108 m s-! 


(b) 6.46 x 105m 57 
(d) 8.54 « 108m s-, 


In Fig. 7, A and B are two horizontal metal 
plates separated by insulating plugs. The 
region between A and’B is cvacuated: An 
electron of mass ‘m' remains at rest inside 
the chamber. If a proton of mass “M” re- 
places electron under similar conditions, 
then the proton 


15. 


16. 


17. 


18. 


19. 


umpetutive Physics (Objective) 


(a) continues to remain at rest 


() acquires an acceleration ae in the upwant 
direction e 

Mg -eE 
t 


(eo) aequires an, acscleration( ) in the 
downward direction 

z . (men 

(d) acquires an acceleration TT 


)s in the 
downward direction. 

The work functions for tungsten and 

sodium are 4.5 eVand 2.3eV respectively... 

If the threshold wavelength A for sodium 

is 5460 A, the value of for tungsten is 

(a) 5893 A (6) 10683 A 

() 2791 A (d) 528 A. 

The radio transmitter operates on a wave- 

length of 1500 m at a power of 389.6 kilo- 

watt, Then the frequency corresponding 

to this wavelength is 

(a) 500 kHz (b) 200 kHz - 

(c) 100 kHz (d) 400 kHz, 

The K.E. of the photoelectrons is E when 

the incident wavelength is /2. The K:B, 

becomes 2 E when the incident wavelength 

is 1/3, The work function of the metal is 


2he 
a> ) = 
She he bs 
>= @a: 


Silver has a work function of 4.7 eV. When 
ultraviolet light of wavelength 100 nm is 
incident upon it, a potential of 7.7 volt is 
required to stop the photoelectrons from 
reaching the collector plate. The potential 
required to stop photo electrons when light 
of wavelength 200 nm is incident upon 
silver is 

(a) 1.5V (b) 1.85 V 

(c) 1.95 V (d) 2.37 V. 

Electrons travelling at u velocity of 2.4 x 
10m s~ enter a region of crossed electric 
and.magnetic fields as shown in Fig. 8. If 
the electric field is 3,0 x 106 V m", and 
the flux density of the magnetic field is 
1.5T, the electrons upon entering the re- 


+ gion of the crossed fields will : 


fLECTR 


“20. 


21. 


22. 


23. 


(a) continue to tray 1 
original direction “"@*Mected in theiy 
(b) be deflected upwa; 
diagram rds cut ofthe Plane of the 
(c) be deflected d P 
the diagram owmward into the Plane of 
(d) be deflected 1 
diagram 
(e) be deflected dor 
diogram, 
Given thata Photon of 
10,000 A has an ene 
When light of wave} 
a photoelectric cell, the saturati 
a 5 rat 
is 0.40 x 10 ampere and the slopnne 
potential is 1.36 volt. Thon norte 
function is 7 
(a) 0.43 eV 
(c) 1.36 eV 
A is proportional to 
(a) W/E for both photons and Particles 
(0) VE for photons : 1/ VE for particles 
(ec) WE for both photons and particles 
(d) WE for photons ; IE for particles, 
i 4, stands for mid-wavelength in the 
visible region, the De Broglic wavelength 
for 100 V electrons is nearest to 
(@) AYS (b) 4450 
() 4/500 (d)J5000, 
The threshold frequency for certain metal 
is Vg. When light of frequency 2uy is 
incident on it, the maximum velocity of 
photoelectrons is 4 x 106 ms. If the 
frequency of incident radiation is 
increased to 5v,, then the maximum 
velocity of photoelectrons will be 


wards in the plane of the 
wnwards in the Plane of the 
light of waveten, 


TRY equal to 1.23 eV, 
length 5000 A falls on 


(0) 1.10 ov 
(d) 247 ev, 


n the work 


Be (de 
se te 
An electron Recelerated under 


8 Potential 
"a8 8 Certain wavelength 


Proton 1s 2600 
ass ofthe ce 2000 tes the 


difference V yale 
A. Mass of the 


oR. If the proton 
are the same wavelength 1 thes aa 
© to be accelerated under a poten: 
ifference of ae 
(a) ¥ vols 
(3) 2000 ¥ vets 
tr fs 
ooo volt (@) 2005 V vai 


26. Ing Photoelectric experiment, electrons 


tee from metals Xand by light 

Tequency f. The potential difference V 
Tequired to step the electrons i$ measured 
for various frequencies. IfY has a reater 
work function than, X. which graph illus- 
trates the expected results? 


Fis.9 . 
27, Two beams P and Q of light of the same 
wavelength fall upon the same metal sur- 
face causing photoemission of electrons. 
The photoelectric current produced by P 
is four times that produced by Q. 


—— 
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Which of the following gives the ratio 
‘camphitude of beam P 
wave amplitude of beam Q~ 

1 


1 
a> i) 3 


ey2 (a4 


(eo) 16, 


Light of wavelength 5000 A and intensity 
39.8 Way incident on a metal surface, 


If only 2% photons of incident light emit 
Photoelee 


s. then the number of elec- 


of photoelectrons 2 

which are col- Fig. 10 

lected at an adjacent electrode. Fora given 
Intensity of light, the way in which the 
photocurrent I depends on the potential 
difference V between the clectrodes is as 
shown in Fig. 10 


Ifthe experiment were repeated with light 
of tw intensity but the same wave- 
length. which of the graphs below would 
best represent the new relation between I 
and V?(In these graphs, the result of the 
original experisnent is indicated by a bro- 
ken line.) 


14 


is) Vv 

(a) 
° v 
() 


@) 


Fig. 11 


30. Ina photoclectric cell, the wavelength of 
incident light is changed from 4000 4 


3600 A. The change in stopping potentig 
will be 

(a) 0.14 V (6)0.24V 

(0.35 V (d) 0.44 V, 


31. If the de Broglie waves associated with 
each of the following particles are tohave 
the same wavelength, which Particle must 
have the smallest velocity ? 

(a) proton () particle 
(c) 2H{ nucleus (deuteron) (d) electron 


(e) neutron. 


32. The threshold frequency for a certain 
metal is vy, When frequency of incident 
radiation is 2v,, the maximum Velocity of 
Photoclectrons is 3 x 108m e-1, If the 
frequency of incident radiation ig 
increased to 10 Vy. then the maximum 
velocity of photoelectrons will be 
(a)3 «x 10°ms! (6)6x10-ms! 

(c) 9x 1% ms! (4) 12% 16 mst, 

33. In Q. 32, if V, is the stopping potential in 
the first case, then the stopping potential 
in the second case will be 


(a, ()3V, 

(9, (d)12V,, 

A stopping potential of 0.82 volt is required 
to stop the photoelectrons emitted froma 
metallic surface by light of wavelength 


4000 A. The stopping potential for wave- 
length 3000 A will be 


(a) 1.85 V (6) 2.85 V 
(c)3.0V (d)4a1V. 


34. 


35, An ultraviolet radiation source causes the 


emission of photoelectrons from a zinc 
plate. 


How would the Max; 
E, of the Photoeletr™ i 
of photoclectrons emir” 
affected by Substitutin Per 
source of the same Wave| a 


E, 

(a) decreased Poke 

(b) unchanged nce 

(c) unchanged ataeend 

(a) increased *Teated 

(e) increased ed 
36. Light quanta of energy 3.5 ‘ 

on the cathode of g hot 1 


through the cell ig just Feducs 
applying 8 stopping potentat fone, 
What is the work funeti wy 
cathode ? 
(0) 2.9% 10-9 
(c) 3.5 10-19 
(0) 6.4 x 10-19 J, 
. In an experiment on 2 
at fect, an evacuated pine eel 
metal cathode is used. Waigt graph en ath) 
represents the variation Ofy,the minimams {eh eG, -f). 
potential difference nocded topreveqs cur. “0 stopping potential corresponding te 
rent from flowing, when x, the f bia beta $06 haze SHAan13y 
sa res; ty, than thy fare 
tn ef he metal ig eae 


OY h-f) 
av, 


ay, 


G)03ey ()13ev 
y y y (123e¥ (450, 
41, The minimum j nity of light to be dee 
: tected by human eye is 10°! Wart 
c ait.) ar) t number of photons ch wavelength 5x ¥ im 
(a) » «) entering the eye with pupil area 10% mi 


er second for vision is nearly 
(a) 100 1b) 200 
(ch 283, 1d) 400. 

42. A student connects a photocell to supply 
and finds that when the cell is exposed to 
moncchromatic radiation, a current flows 
only when the potential difference seross 
the cell ix less than 1.6 V. What is the 
maximum energy of the emitted elec- 


y 1) i 
te} 1°) 
fe) @ * °  * 


Fig. 12 
38, When a metallic surface is illuminated by 


2 
light of frequency 8 x 10¥-Hz, a trons? ” 
Photoelectron of energy 0.5 cV is emitted. LOKI — (264 17 
When the same surface is illuminated by (4B OT Wd 


light of frequency 12 x 10" Hz, 
Photoclectron of maximum energy 2eV is 
emitted, The work function is 


(1.0 «10° J 


‘ : 
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wtE) 


44. 


45. 


Which one of the following graphs could 
represent the distribution p (E) of ener- 
gies E of a-particles emitted from a given 


source ? 
tert 7 rey | 
: B. . iA, 


Fig. M4 
The de Broglic wavelength associated with 
a nitrogen molecule at atmospheric 
pressure and temperature 27°C will be 
nearly - 
(a) 0.1A (0.2 A 
(0.3. A oak 
The de Broglie wavelength of neutrons in 
thermal cquilibriuh 

+ 9.08 

108 4 ‘wa A 
0.308 0.0308 


) a A. 


46, Theintensity of a bpam of monochromatic 


. 47, 


48. 


light is doubled. Which one of the follow- 
ing represents the corresponding change, 
ifany, in the momentum of cach photon of 
the radiation? | 
(a) incrensed fourfold (b) doubled 
(c) the same (d) halved 

(e) reduced fourfold. 

What is the de Broglic wavelength of a 
+ particle of mass m and kinetic energy E ? 


{h is the Planck constant.) 


_ (a) AVv2mE (b) J2mEsh, 
() ANE (d) W2mE 
(co) h 2inE. 


In Davisson-Germer experiment, the 
correct relation between angle of 
diffraction ¢ and glancing angle 6 is 
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49, 


51. 


52. 


53, 


r) J 
(a)0= 90" => ()0 890° + > 


ond (di=9, : 
IfE and?. represent the energy and waye_ 
length respectively ofan electron, then 
graph between log . and log E will haye 
(a) positive slope _—_-(b) negative nlope 

(c) zero slope (d) infinite slope, 


. A beam of monochromatic radiation falls 


on to a metal X and photoelectrons are 

emitted. The rate of emission of Photoelee. 

trons will be doubled if 

(a) a beam of double the intensity is used 

(b) radiation of double the frequency is ured 

(c) radiation of double the wavelength is used 

(d) the thermodynamic temperature of tho 
metal is doubled 

(ec) a metal with a work function half that of x 
is substituted for X. 

The work function for aluminium is 4.125 

eV. The cut-off wavelength for photelectric 

effect for Aluminium is 

(a) 300 nm () 200 nm 

(c) 420 nm (d) 150 nm. 

Two radiations containing photons of en- 

ergy twice and five times the work fune. 

tion of a metal are incident successively 

on the metal surface. The ratio of the maxi- 

mum velocities of the emitted clectrone in 

the two cases will be . 

(a) 1:3 (134 

(c) 152. (d)1:1, 

A particle of mass M at rest decays into 

two masses m, and m, with non-zero ve- 

locities. The ratio of de-Broglie wave 


lengths of the particles » is 


2 

(a) 7 () 
m m™m 
(asd 


(uecTRONS AND DUAL HaTV nog 
MITTS py) hiss 
“ther, rere, 


a 
a 


What is the Energy of 9 pre 


length 0.447 Yh wane, 
(a) aoe WAStey 
nes ADiosiey 


Anclectron anda Photon pres 
de Broglie wavelength, Ee wt ge 
respectively the energies of el yarn ae 


photon and vu and ¢ are their res ectron and 
7 E Apectine 
velocities, then ec . 
ph 

v 

£ v 
(a) A hs 

v 
(a ye. 


An clectron anda piislon | ath has away 
fee 


length of 1.2 A, What is th 

energies ? © ratio of their 
(a) 1:10 O39 

(c) 1: 107 (015 194, 


What is the wavelength of a ph, 

oto} 
ergy 1eV? Photon of en- 
(a) 12.4 « 107A 
(c) 0,4 x 107A 


(0) 24 10h 
(4) 10004. 


ug faa 4 toate 
bere phere 
OA Behe ot 
ce Wenual y, 
2 
(y= 
2 a} 
fey J : 
i ‘ 
‘ ni ay T 
The free, Ath, 
. Me incident |i) 
7 roe Mave metal plate eae 
aire ery Of thy ematted phate 
fa) urchanged (Dd derstand 
= (e) bess thas, daibled 14) mare than dombled 
. If the ene, 9 ofa phate Corresponding in 


B wavelensth of £000 A ix g 2219s, 


the photon ener 
of 460 A wate ty (in J) for a wavelength 


(a) » Yor 
(0498 10-9 


(b) 498 « yore 
(h221 1109, 
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vt Selected Multiple Choice Questions 


lL 


6. 


1. 


(6) Distance is quadrupled. Intensity ix 


sun. 
16 


1 
(b) 5 mv? =cVorv = 
2 m 


12975 
(dA, = sz = 2475. The closest option 
is (d). 
(c) T, = 4.250, 
Ty = 4.70 - 94 : 
Now, Ty = Ty = 1.54.70 -9, 
= 4.25 - 9-15 
OF O94 = (4.70 ~ 4.25 + 1,5) eV = 1.95 eV 


>. 1 
4=—, va 


mu a 


Now, 


SorT, =0.50V 

T,=4 x 0.5 eV = 2eV 

0, = (4.25 - 2) oV = 2.25 eV 
6y = (4.70 - 0.5) eV = 4.20 eV 
Clearly, (c) is the right choice. 


1 \ 
(2) 5 mv? nae = AV — Op. 


(b) Lerger the intensity, more is the number 


of photons incident on the surface of photo- 
Sensitive material, 
he 


(ua) Bele. 


&, 
9 


10. 


M 


12. 


13. 


u, 


16. 


Answers/Explanations ———— 


(a) Factual information. 
(a) The rest mass of w’photon is zero, 


Be hve AC 
() B= Ave 2, 


; . 
(a) 2 mu? = Ay = (4-2) eV = 2eV 
@V, = 2V.V,,V, =2V, 


(a) me? = Av, me = 2Y, 
c 


(d) eV = hY=/,) or Vy = 4p—Me 


Comparing with y =mx 4c, we arrive at the 
right option. 

NV, . 
(a) v= 82. 42N yoy, 


’ e 


(b) Az — 


or 


E = 
(a) Ep = 22 
(d) Factual information. 


Orees 
P Pp 


@) mit =hv=hy,: 


pLEcTONS 


go, (d) Wavelength in A 


a 


22. 


23. 


24. 


25. 


26, 


27, 


28, 


29, 


AND DUAL, NATURE OF 
" MK 


«= 


‘3 = 
(d) is the closest Choice Vig” * Mn A 


wy pp tealeette Current ig din 
ional to intensity gf; Setly oe 
tay fig nit 
square of distance, 1 Forvetion 
(a) Energy Correspondin, 


a 12475 


ft 6209 4 


Clearly, the electy, 

kinetic energy, So 

is zero, 

(b) Photoelectric cur : 

proportional to intensity OTiniey tet 
ight, 


‘on is emitte, 


» the stopp with ery 


NB Potential 


ew Inthese Problem, 
when the frei 
does not fall 
frequency, 


4 eNsure that 
tueney is reduced, it 
below the threshold | 


Aho, 
(c) ah tegee he 
mvp ome 
Le E12, 

(d) In vacuum, no collisi 

occur. So, the kinetic encrgievot peed te 
electrons are the same. So tru van 
then clearly invalid, For (a) and ( ae 


p= V2mB and y= |2= 


(c) When the position 
changed, the intensity 
the metal will change. | 
on stopping potential, 
h 
(d) d= 
2mE 
mE = constant 
Mass of electron is less; E more 


m 
of source of light is 
of light incident on 
ntensity has no effect 


(b) Wavelength reduced; frequency in- 
creased, stopping potential increased , 


(b) rem 


redm 


Proton has greater mass; larger radius of 
trajectory; less curved, 


6200 * = 1.096 ev. ay 


33, 
34 
+ 662x10~ ites 
= 
109 x 10x 10 : 
=6.62x 10cm 


35, (b) Intensity of incident light is energy per 


second per unit area of the beam. Increased 
intensity of the same wavelength means 
more photons of the same energy. 
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43, (c) The rate of emission of photoclectrong 


3 = Seven , 
6. lc) gy = 200 98 eV = 2A eV (.¢, photocurrent) depends proportionally on 
Energy of infrared lamp is less than 24 eV, the rate of incident photons. fe ganss Netevay 
2 I 2095 ,, 
37. (e) act photocurrent 1 uy) Fag de TE 
a) Also, x = i Estey ila 
_h 66x10 © 2) 6 8% "dink, Wang 
- 100 x 1g Ke ms"! Light intonsity P jet Bh " 77M 
, 2 fo) c or >= or yk fe) ke 
= 6.6 «10% ke m so! . 42 i} ote) Beng, 
38. (c) Energy corresponding to 4000 A Fig. 15 . {follows from (i) and (ut that ke 
= 12375 i is doubled, intensit: hobs > 
= V = 3.0! 23. 44, (a) When distance is doubled, intensity be. a 
dong: © Seve Siey comes one-fourth. So, the number of photo. a 2 
Maximum kinetic energy of emitted pho- electrons becomes one-fourth. 3. (ce) yt mnt =lv-9, 
toelectrons 46. (c) The emission of the photoelectrons from 
9 it Zhy = 
= (9.2 -2)eVe 11 0V the metal surface can only be explained by : or Vnug = aL 
39. (c) Only those orbits are allowed for which Hosteln particle (photon) mee 4 ah ae 
the circumference is ain integral multiple 48, (d) Photon energy, B= f= 5° in the usual Name “ay = _|t 
m 
25R = nh notation, hence Ei « +. Teaco ie 
40. (d) Whi Fite ‘ ane! and vs fn 
} (d) When the given frequency ishalved,the 47. (e) Each photon has associated with it an m iat 
frequency becomes less than threshold fro- energy E.given by Fs Bol 
quency. So, no photoemission, he ‘ v2 
“41. (e) Eehfsia: 4. (e) IF the oil drop suddenly gains ceeteons 
where f= frequency of the electro- then the upward eteatrie foree shall exceed Ene: 
: magnetic wave radiated, | the gravitational furce, ee aye slectron 
. 
A= wavelength of the electro- 5, (6) Note that an increase of light intensity 5 *2475-1a)eV = 0875 ey 
Clearly, magnetic radiation. causes more electrons to be emitted but naneel 
" 1. | their individual kinetic energies ure act in. IZ (et 5 12375 
42. (a) 3x 10%m=3x10'x 108A Thus E« > sineeh ande are constants, i creased by the increase of light ‘alsa a TeVihvs ey eV = 1S0eY , 
=3x107A 48. (e) By quantum theory of radiation, electro- & Ww Ren 2 #7 Fee 2K 
12375 magnetic radiation is assumed to consist of } ee : Janey * Berrie Gy 
Now, energy in eV = i particles called photons, each of which car- | =(193-1)eVeosgey 
ig 3x10 Ties a packet of quantum of energy and the p= Panev 0935 16e 10g 
energy in joule amount of energy carried was equal to A/, | Pe 2m,eV IS. WY Biever oss 515x104 
12375 «1.6% 10°79 where/is the frequency of the radiation and ae Vn, te SY corresponding to 2000 A = 
= ee 7g = 6.6 x 103 10" A is the Planck's constant. | a Me 1S ey 262 a 
“1 Thus, photon is the name gi Be | tie 
a given to a quan- ! ts /—s - oat 
=6.6 x 10% J tum of electromagnetic radiation, a Maximum kinetic energy 
: | re wee = (62-501) eV=119e¥ 
it. | Questions for Self Assessment | ee) = Ne Now, 2 <9 10 
! 
o 2ceV, x a 
+ ht 2 2 Snax = Y = fex1ex10"xg ms! = 119* 16 x 107 
1. “(d) Ape L=J8 2 =2/2 m 9 
2m,eV x v8 oor x v2 =18«10mst, or ot, = hax tse" 
" h ; ie 8. (c) Energy in oy corresponding to 392 x aes so 
. «om, (ae 2 (ec) =—=E 10+ ‘B34 or = 0.418 x 10%=418x 
ara(Zo a a as rene or, = 646% 108m! 
at 
Ren fh he ony r = jpop 2 TeV 14. (d) Electron at rest gives mg = ¢E 
P2Mimp) Daiv ¥ ‘3 Dwonward force on proton 


1 C 
2 Muga” = C473 = 1,07) 0V = 2.66 cV 
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ASO 


15, 


17. 


18. 


= Mg eek = My emg 
(Mam! 


=(Mamgia= 


M 
he 
(c) Gye hye 
‘0 
or Woe cohstant 


AS x A= 23 « 5460 


9 46 
23 5460 A 
45 


= 2790.7 A= 2791 A. 


or a 


(6) cavh, vet 
3x 108 ee 
v=o eae x 10° Hz 


= 0.2 10° Hz=2 x 10° Hz 
= 200 x 107 Hz = 200 kHz 


(a) A =100nm= 1000 A 
Energy corresponding to 1000 A = 


= 12,375 eV 
Now, 7.7= 12.375-0, 
or 99= 12.375 - 7,7 = 4,675 eV 


In the second case, energy corresponding to 
2060 A 


= ae eV = 6.1875 cV 
Now, 6,1875 — 4.675) eV 

= 1.5125 eV 
or V,' = 1.5 volt 


(e) It is important to understand that all 
forees and deflections occur in the plane of 
Paper and that at a certain velocity, the de- 
flection will be zero, For velocitics other than 
this, the deflection is determined by whether 
the magnetic foree is greater or less than the 
electric force, 

(6) When 3. is halved, cnergy is doubled, 


So, energy corresponding to 5000 A is 
2% 1.23 eV 
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22, 


23. 


24, 


25. 


26. 


or 246 eV. 
Now, Oy = (246 = 1.96) eV = 1.1 eV 


(b) De-Iroglie waves : Aus energy, For par. 
ticles, 


dade toy and 
D damp “28nd (c), 


For photons, ) = £ = 2S 


E 


< 


(a) and (6) 
Clearly, (b) is the right choice. 


(d) Order of magnitude calculation ig 
enough, 


(2mE)# =(2 «9 x 10-¥! x 400.x 1.6 x 10-18)10 
=5x 10%, © 
And h=Gx 104Js 
So, 4 = 10m. Mid-visible has 
q= 5000 x 10-10 m 
(c) In the first case, 


Fm aay = 2hVy— Avy = Avg 
In the second case, 
1. 
7 Ti ane = BhVg~ hig = 4hVy 


Clearly, v,,,, is doubled. 
(6) qb =mg 


96 x 107 x 9.8 x 0,02 
a ‘ 
8x 10-!"C'= 3x 16x 10-Cs Be ° 
‘ h 3 
ig aie Vamev 
> mY = constant. 
Now, 2000 x V'=1xV 


Wav volt 
000 


(a) From the Einstei: in’s photoelectric theory, 
wo have 


eVahf-o 
V is the potential difference, 
where ¢ the work-function of metal 
Sy > 0 > 
f, is the threshold frequency of Y. 
/, is the threshold frequency of X. 


ELEC 


27. 


28. 


29. 


Furthermore, Vverg 
? Us/ ha: 
h Pn COMA atone 


(c) The photoclectrie 
portional to the Amber of ot, 
+ ‘ of ¢ 

ted, which in turn, ig are y ' 
to the intensity of the light beam tion 
rl is the current detected and hi 

plitude of the light beam, wa #8 the am. 
since intensity js Proportin ny 
light amplitude. Peto ty 


CUFrent doy 


MAve amplitude of beam p 
wave amplitude of beam Q 


7 [sate Produced by p 5 : 


Surrent produced by q 
“2 
=(4)"., 
( i} = 
ta) E=nhy 


or 


Now, = 
100 z 

49.8 x 5000 x 19710, 
© 100% 66% 10 ax gor” 10" 
(8) By Einstein's particle (photon) theory, 
the energy of a photon is Proportional to its 
frequency and is independent of the light in- 
tensity. If the quantum of cnergy Af in the 
light incident on the metal and the work 
function of the metal is Wo, then the maxi- 
mum kinetic energy Exes IS given by 

Ear =0V,=hf-W,, ll) 
V, is called the stopping potential which is 
the value of the negative Potential differcnee 
which just stops the electrons with maxi- 


+ mum energy from reaching the anode, 


Since the light is of the same frequency 


- (intensity is doubled but the same 


wavelength of light), the stopping potential 
V, is the same even though the intensity is 
doubled, 

The number of photoelectrons emitted per 
unit area of cross-rection of the beam of light 
Per unit timc is proportional tothe intensity 
of light. 


a 


32. (cd and 33, (¢) dnt, 


35. 


aU 
in Five ured 
of ye na pene et 1 deubleg “bled ay 
tel 
"Presented ingrantitrency aece 
Vi sive g 
Thy og 
babe shy en 
=(1275 1295: 
ia (= aa} 
(8) Inthe ob eat 199 #035 
aL hen all 
Particles must be thes moat p et tne 
Pemysk 


tum p, the a-parti 
velecity, Particle thus has 


momen. 
the smallest 
= 2NVy— hye yy 


Again, 


1 
27 ane = WOAY, Avy Shy, 


Clearly, Yas, iS increased by a factor of 3 
and stopping potential by factor of 9, 


k (a) oszey= 1275 
4000“? 


90 = (3.09 -0.82) eV =227ey 
. 12375 
in, eV, == _o. 

Again, eV, 3000 7227. 


V, = (4.125 ~ 2.27) volt = 1.85 volt 
(ch Using Einstein's photo theory, the maxi- 
mum kinetic energy E, of the emitted elec- 
Uronsis related to the frequency fand hence 
the wavelength? of the incident light by the 
equation 


he 
EyaMf-uy= tm lI) 
e = speed of light. 
, = work function of the material 
= minimum kinetic energy 


needed to free an electron out 
of the material. 


where 
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Emporiuin: Competitive Physics (Objective) 


For incident wave of the same wavelength, 
the maximum kinetic energy E, of the pho- 
toclectrons remains unchanged as easily 
deduced frum equation (1) 
The higher tho intensity of the incident 
wave, the more the number of photons inci- 
dent on the zine plate surface ; and hence 
more photoelectrons would be emitted, Thus 
the number of photoelectrons emitted per 
second a would be increased for a more in 
tense source. 
(b) The Einstein's photoelectric equation is 
Faw. =AL-W, 
where E,,,, is the maximum kinetic energy 
of electrons * 
Af is the incident photon cnergy 
the work function of the pho- 


tocell 
IFV, is the stopping potent 
stop the clectrons with 
from reaching the anode, then 
eV,=E,.. 
From the equations, we may write 
eV, =Af-W, 
= (1.6 « 107") (0.25) = 3.5 x 10-"—W, 
5 x 107"? — 0.4 x 10-19 
B.A x 107 yg 
(b) By Einstein's particle (photon) theory, 
the maximum kinctic energy E,,,, of the 
emitted clectrons from the cathode is pro- 
portional to the frequency fof the light. This 
is expressed in the Einstein's photoelectric 
equation below 
Fgux =f = Af hf, 
=hf-f) w) 
where A is the Planck's constant, 
% is the work function of the metal and is 
related to the threshold frequency f, by 9, = 
Af, . Wt is the minimum amount of work or 
energy necessary to take a free electron out 
of the metal against the attractive forces of 
Surrounding positive ions. 
Ata particular negative potential difference 
V applicd to the 
comes zero. This is value of the negative 
potential difference which just stops the clee- 
trons with maximum energy from reaching 
- Vis called the Slopping potential. There- 
fore, 


I necessary.to 
imum energy 


eV=E. +2) 


4 


node A, the current be- 


From (1) and (2), we have 


=Mf-f) 


h 4 
Ve IU-f) or y= 2x39) 


OV = Ena 


r 


The variation of V (or y) is thus a straight 


where {is repliiced by {2}. 


* line gradient, A when itis plotted against 
e 


(or x). The curve has a minimum value of 
zero at frequency (orx) atf,. It is best repre. 
sented in graph b, 
(c) 8 x 10"h = 64 +0.5 

12 «10h = 9,42 


38. 


Dividing, —= 


30, + 1.5 = 24g + 4 
or % = 2.5 eV 
(c) The work function® of the metal is given 
by o= hf, 


39, 


where f, is the threshold frequency of the ” 


metal below which no emisson of clectron is 
obtained. 


The Einstein's photoelectric equation is’ 


given by 
eV=E,,, =Af-9 
=hf-hfy=hf-f) 
where E,,,, = maximum kinetic enorgy of 
electrons 
V = stopping potential for the 
electrons 
“Therefore, eV, =E,,, = AA -h) 


40. (c) ev, = 4, or eV, +92 
or 
Now, 
or . 


9 _ 13+ 


4500 _ 13+ 
8 09+ 


4000 09 +09 


FLEC 


42. 


43. 


(6) The value of 1.6 Vis the 
tial V, which just Slops hea 
maximum energy E Troi b 
as current flow. Thug" "™ 
E 


PPINg poten. 
eetrons with 


being detected 


V, = (1.6 x 10") (1.5) 
1B * 10d 26 coy 


(c) By de Broglic's 
theary of energy, the asa ees quantum 


particles emitted fr m and E f 
by OM 4 80UtCE are given 
Eehf; pot 
; a 
wear. he 
Henee, Es Afs rae Po = met 


where m is the mass of the @-particles 
Thus, the momentum P j 
" a S Fel 
i tiene lated to enor. 
P=— sine 
e c 


which is proportional to the mass of the” 


@-particles, 


The'distribution P of energies E of a-parti- 
cles emitted froma given source is thus best 


represented in graph c, 


a“. 


45. 


(c) d= ul 
Vankt 
6.62 10-4 
1.67 « 107 x 1.38 x 10° x 300 ™ 
6.62.x 1073! m= 852% 10 


“10 [580769 "* ox 10 ™ 
= 0.02746 x 10°" m 
= 0.2746 x 10 m=027A=03A 
i : 
QmkT 


(a) A= 


Teach photon of omentu; 
and is given by tthe on i the ange, 
pid 
Fy 
1. (By dey 
replies theory, 
ofa particle of the wavelength), 
Bivenby HM Aed momentum Pig 
rsh A 
Pim 


where vis the Velecity of the Particle 


Be Bm 
= ME = (mp 


P=mv= Jame 


Henee, the Wavelength 2 is rela 
ri and kinetic energy E by maslean 


48. (a) 20+9= 160" 
or | = 1609 


or O=g9- 2 
2 
49. (6) Aza 
. “TE Fig 16 


log A= og 3 og 2m) 


Clearly, the straight line has a negative 
slope. 
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50. (a) By Einst article (photon) theory, be 
bi ber of ctrons emitted per 5 r 
35 ea of cron section of the beam of ight . | 


is tas 5. ihe 6610 | 
51. (a ot Aen tt 7 
os 2%9.14 1074 1.2%10? x3x1g Ar 17 
or 10 10% nm i. OMIc AND N 
” 7 =0.1 «107! = — 
100 UCLEAR Pp 
or am = 300 nm 8%. (dé) pam ars 
vA 
1 
52 fe) 26, =0,+ mv? * E : 
5 Now, = 1, Distance of closest approach is piv 
or n= me. A) : a 
Iso, seal Tye 1o “0A "0 She =a Ure decay, MRS La of rte 
Also, 50,=0,+ ime, 7 4 Fog 
a ee ae = 12.375 x 102A 2, The radius of uth erbit of hyg Nexen, 


ahineist (2) 58, (b) Energy of clectron in ath orbit, 242 Be Atm The forests for pues 
or 40,= gills 42) is given by r. = dl iatk hind after n halt oot Of Stara left be. 
ae 07h oem f lives ig: 
Dividing (1) by (2), 


3, The velocity of electron in th an Naw, (2) 
wu? On or te! ven by Ie nth orbit is Nan, 3} Mion et 
a Bh aot 10. Ay 
z*3 7 2 3 erage lif ™ 
oy i = v,=h eet . stant ME Fecipreeal ef nay eae 
n= s 9 an VM. The activiey 
53. (d) es . For second Bohr orbit, ~ 4. Energy of electron in nth orbit is Biven by said ta ae enciaive substance ig 
Here 0 «hs n=2 E 2 2n*me! 10% disintegrations plied ae 
in OE é ee 
Clearly, mv, =- mv, e ath? 12 In the case of a-decay, mass number iy 
In magnitude, mu = constant _ reduced by 4 and charge number i 
1 1 rs F is ree 
5. v=R =-=z/ duced by 2, 
ay my 13. 


In the case of B decay, a neutron is disin- 


at ass Pe ee tegrated into roton, 
59. (d) — E,=hv—0, or Ey’=2hv—4, aie n(- # =| ie antineutrino Both the lac 
al av " ) ANtincutrino are emitted. 
Ej 2hv- 0 | 2 . known as Rydherg constant. 14, Ina nuclear fission, aheavy nucleus splits 
or E(ineV)=0.51 E, hv-¢  Av— % 6. Nuclear volume is proportional to mass of Up into two nuclei of comparable size. 
ae nucleus. 15. In nuclear fusion, light nuclei merge to 
Clearly ra 2 or E,'>2E, 7. Binding energy divided by total number form a heavy nucleus. 


2E, 


60. (a) 


of nucleons is called energy per nucleon. 


nt 
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Emporium: Compclitive Physics (Objectine , 


| Selected Multiple Choice Questions ' 


1; 


Choose the correct answer from the four alternatives given in each of the follow. 


ing questions : 


The function of graphite and the control 

rods ina nuclear reactor are 

(a) to produce neutrons and to shield the reac- 
tor 

(b) to slaw down the neutrons and to absorb the 
excess neutrons respectively 

(c) to absorb the excess neutrons and to shield 
to reactor respectively 

(d) Wo absorb neutrons and to reduce the energy 
of the neutrons respectively, 


2. Consider the following nuclear reaction 


3. The mass per nucleon 


gHel + X42) Yada w 
What particle does W denote ? 
(a) Electron i 
{c) Proton 


an ordinary 

hydrogen atom is 

(a) 1/6" mass per nucleon in an oxygen atom 

(6) slightly greater than the mass per nuelean 
in an oxygen atom 

fc) the same as mass per nucleon in an oxygen 
alton 

(J) slightly smaller than the mass per nucleon 
in an oxygen atom? 


4. If the shortest wavelength in the Lyman 


serics ix 911.6 A, the longest wavelength 
in the same wericy will be 

(4) 1600 A (b) 2430 A 

tc) 215A (d) infinity. 


5. In the first observed nuclear reaction, N 


was bombarded with a-particles. The 
reaction could be represented as 
aN!" 4 Mets XH! 

ta) 017 (bik 

(c),NIT (d) Nel 


6. Sun releases cnergy by the process of 


(a) Nuclear fusion 
(ce) Nuclear fission 


(b) Nuclear disinteger 


(2) Spontancous emission 


7. The rudius of the first orbit ofthe electron 


ina hydrogen atom is 5.3 x 1074 m. Then 
the radius of the second orbit must be 


2 


10. 


11. 


12. 


13, 


14, 


(a) 15.9 x 10" m (6) 10.6 x 10m 

(2126107 md) 424 eM 

The velocity of clectron in ground State of 

hydrogen atom is 

(a) 24 10% ms (b)2 « 10% m/s - 

(c) 24 107 ws (d) 2 10* ms, 

The decay constant ofa radioactive sam. 

ple is #. The half-life and mean life ofthe 

sample are respectively, given by 

fa) Va, In 4. (b) In 20.; 10. 

(An 2; 10. (d) An 2; 1h. 

In the atom bomb dropped by Americans 

in 1945 on Nagasaki, Japan, the fissjon- 

able material used was 

(a) Helium 4 (4) Plutonium 239 

(c) Uranium 235 (d) Uranium 233, 

The Helium nuclei can be formed from 

(a) Hydrogen nuclei by process of chain reac. 
tion 

(b) Hydrogen nuclei through nuclear fission 

(c) Hydroyen nuclei through nuelear fusion 

(d) None of these. 

According to Bohr's model of hydrogen 

atom, the radius of stationary orbits char- 

acterised by the principal quantum 

number is proportional to 

(a) ar! (bin * 

(yn? (d)n?, 

A™U nucleus decays by emitting an 

pha-particle of speed v m s~!, The recoil 

speed of the residual nucleus is (in m 5~}) 


av v 
fay- Ae (by = 
244 4 
du Au 
fu ye 
fc) Par} (dy ore 


Initial mass of a radioactive substance 
was 400 mg. Half life = 100 5. How much 
will be left after 300 s ? 


(8) 100 ing 
(d) 200 mg. 


(a) 50 my 
(c) 33.53 my 


15- 


20. 


aL. 


ge AND SUCLEAK MIYSIcy 
™ 
at 


What Is the use of #raphite ang h 
water ina nuclear reactor ? avy 


(a) To absorb neutron = 


“aise the cnerpy oT neutron 
{e) To increase the onerpy of Neutron 


(y) To dee 


{d) To decrease the number of neutron 
Bohr's theory of hydroge, M 
explain fully 

tq) diameter of H atom 

(b) emission spectra 

(c) ionisation energy 


MN atom did not 


(dy the fine 
spectrum, 


According to Bohr’s Theory, electron op. 


its in those orbits only in Which wh/2s j 
is, 
(a) Iinpulse 


structtire of even hydrogen 


(b) Angular Moment 


(ce) Force (dd Kinetic f 


Her ey, 
An clectron is moving in first orbit. The 
factor A/2z is = 

(a) Its Angular momentum 

(b) Energy 

(d) None of these, 
a-particle is emitted from the nucleus of 
mass number A with velocity y, What is 
the recoil speed of the nucleus ? 

(a) AVAA- Ad DA VAA 6 4) 

tev (d) YA ~ 4) 

What 1s the energy of an clectron of 
Hydrogen in its ground state? 
(a-15.60V (hi 

lhe (113.6 eV, 


The binding energy per nucleon Ds ttn 
mum in cane of ; 


(c) Littear momentum 


1 “ 
fa) te HB ve 
it 
ta é 1 yy. 


Ifthe ground state energy of Heaton 4 
13.6 eV, the energy required to innise an 
H-atom from second excited state is : 
@L51eV Wa4ev 

(OM GeV (ANZ 1 eV, 

The count of a-particles decreases from 
28,600 tw 1,200 in 44 huury. The half life 
Of this radioactive element will be 


29. 


30, 


3. 


“UW sy 
"V2 boury ‘ase 
. ite a rdsoan “ 
"Stony nt 
(6) Rerpy iy oo . 
: Hi Ry in Crserred 
- TCHR ig Converved, 
mane the serieg 
ine . Fai : 
Particle nD ~ decay is i : 
(0) Neutron (1 Prcten 
{1 Eketron (i Veaen, 
The nucle 


(a) hart depen 
try Change snmetrie 


Energy in stars ig pr 
(ab fasion 


(¢) radioactive decay 


Pi — dependent 
Wi Necg range 

ceduced by 

(bi fission 


(dV artificia} Mransmutation, 


During rad; W0-attive decay, the negative 
charged particle 15 emitted because of 
(a) X-rays 1h) emissions 

(¢) Transmutation of neutron into preton 

(d) None tf these. 


inding energy por nueleon in heavy 
Tuclet is of the order of 


(a) A MeV hibev 

elev td) Mev. 

What 14 radius of first Bob's atitina 
Nydrogen atom? 


(W055 410% em (10594 14en 
(1273 MoM em (4795 Neem, 
Binding energy will be maximum in case 
of 

(a) He! He 

tet tdi Het, 

Ifa proton and anti-proton come close to 
cach other and annihilate, how much 
energy will be released ? 

tw)AS ao bye Ord 
(450 1GPS (d)'Kicee of these. 
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34, Minimum energy required to exete and 
electron ina Wydroyen atom in ground 


state bw 
(a) Wie Te a 
fart ge Wd to 

J. Which of these ta funn reaction 


Fhe dite dite te 


may ASIN Slew Vn 


(eo oe Meet ny 
(do Mone of these: 

56, 3.8 days in the half-life period of 9 same 
ple, After how may days, the sample will 
become 1/8 th of the original substance ? 
(aia (b) 3. 
(4 (d) None of these, 


ST. Energy released stars is due to 
(6) Fusxion 


(c) Combustion (A) Cheniical reaction, 


38. What is the source of enerpy is stars? 
(a) Fusion (b) Chemical reaction 
(c) Gravitational collapse 


(d) Fission, 


39. In Hydrogen alum which quantity » inte: | 


A 
G i —? 
gral multiple of ra 


(a) Angular momentum 

(8) Angular velocity 

(er Angolar neecleration 

(d) Momentum: ? 

Ifan electron and a positron annihiliate, 

then the energy released is: 

(a) 3.2% 10-75 (0),1.6 « 10°8) 

(c) 4.8 x 10-17 (d) 64 x 10°", 

41. A radioactive nucleus undergoes a-omis- 

_ Sion t trom a stable element. What will 

se tne recoil velocity of the daughter 
nucleus if V is the velocity ofa-emission ? 


40. 


ny AY wo 2 
rer ea) 
av oy 

(c) —— 

Ard (d) Ad¢td 


tai Wa 4, 
(rp Wie “ha, 
Half We in 15 MIN, Yip, 


42, Murtionctive clement decays to farm h 
ble nuchde, Then the varintion of i withy 


in correctly reprenented by + 40. r 
orginal ators Henning afi OW bes thy, 
~ (ar Ws th) Visa TONG hee? 

Be. 4 

t t tey Ms Oh Ny 

" " . 50, The BPH Of binding Chery 
in given by "RY BA iscteng 

= >>——_ 
\—. I— 


(a) (ty t TN 
ia : 


o re 
56 
t t on ee 
N N (a) 
. ‘ ' 
i — ‘ ii 
‘ BE 


8 


= —> 


(eh (d) 
Bi 
Figs! ‘alomic mass —> ‘ame nas 

43. What is the source of energy in stars? (cy (Dy * < 

(a) Fusion (4) Fission Fig. 2 ot 

(c) Chemical Mteaction (¢) Combustion, (aA (wn 
44, Ifa positron and an electron annhiliate, wae ay He (earn materia vwhich exit bet pap. 

5 in electrons inside their nel. 


the energy released in joule ia 
(a) 4.2% 10°) (6)0.81 « IE" 


(4.8% 10-7 ——(t) None of these, 


(0) When an atom 
H 7 CTT an ele 
Mon. atomc number eres p 
(¢) InX-my emisnoa, therein x avelengthwise 
distribution of intensity with adefniteup. 
Per limit of wavelength beyoad which th 
Intensity is zero * 


(d) In a cathede ray tus, if the accelerating 


51. Fig. 3 shows the electron energy level, 
referred to the yround state (the faweal 
. possible energy) as zero, for ive different 
isolated atoms. Which atom can produce 
radiation of the shortest wavelength when 
atoms in the ground state are bombarded 
with electrons of energy W? 


45. If @ radioactive substance reduces to < 


of its original mass in 40 days, what is its 


half-life ? 
(a)10 days (6) 20 days i voltage is increased, the sitivity (trans 
(c) 40 days (d) None of theso, zs * Werse deflection per unit velt cx thedefect. 
4G. How mich energy is needed to excite an = {ng plates) decreases, 
electron in a H-atom from ground state to ey ES 55. 42U78 absorbs a meutron, The product 
Ist excited state w = emits an electron, This product further 
(a) - 13.6 eV (b) - 10.2 eV - . emits an electron. The result is 
(c)+ 10.2 eV (d) + 13.6 eV. | ee ee (a), Pu? () Pu? 
47, In Bohr's model of an atom, which of the | = ~  ©y,Puat (d) Put”, 
foKowing is an integral multiple of A/2n? Fed. 56. The ratio between kinetic energy and te- 
(a) Kinetic cnergy (6) Radius of an atom (aA + (OB tal energy of the electron of hydrogen atom 
(c) Potentiat energy (Cc (d)D according to Bohr's model is 
(d) Angular momentum, (CE, : (a)1:-1 © Nas 
(b)1:2 (dias. 


52. Fig. 4 represents in simplified form some 
| of the energy levels of the hydrogen atom. 
The energy axis has a linear-scale . 


48, Ana-particle goes towards a nucleus with 
mentum p, has a closest distance b. Ifthe 
momentum is doubled, what will be the ‘ 


-closest distance ? 


* 
"57. The activity of a radioactive element 
decreases to one-third of the original 
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60. 


61. 


G2, 


After 
wall 


activity A, ina permad ot nine year 
a farther lapee of O years, ils active 


Nomis anieparticle The re 


Anucheu 


sultant muchos ents a fl particle. The 
ADAMO nd mae nutnber of the 


respet 
Final scletun wall bee 
i WNL WA-A 


-4 WIZA-2 


WZ- IA 
WZ-2 


Ina mean life of a radinacty 


ample, 
(a about 11 of stitistance distitegrates 


Une stibstenice disintegrates 


(bh) about 


"sof the substance disintegrates 


te) abou 
(2) alinost all the substance disintegrates, 
For prince: wantum number a = 3, the 
possible values of orbital quantum number 
Tare 


4 HO a 
(1) =1, 0, #1, 


fal l,z 
(0, 1,2 
When it disintegrate: 
tive nuclide P emits 
gle a-particle, forming a daughter prod: 
uct Q. Which one of the following state- 
ments is truc 
(a) P and Q are isotopes of the same element 

ss muanber of Pis one more than that 


a certain radinac- 
adiation and a sins 


(c) The mass number of P is one Tess Uhan that 
AQ 

AP has more protons in its nuclew than Q 

te) The Uhan that 
ofQ. 

Ina beryllium atom, ify be the radius of 

the first orbit, then the radius of the 


accond orbit will be 


amie number of P i 


+ (adi, (o) “ 
i 2 
(co) 4a, "wy cs 


a. 


GA 


6G. 


Pathot_S,I S,I 
ions 


In accincer therapy cont, pationts apy 
Aeeen treatient from a certain radione. 
Uvesnicre This snurce hava halllifeats 
yours Ajm ned hir (rea tnent requires 10 
minutes of insulation when the source fg 


first used 
How much Gime ts required for thin treat. 
sine source, 2 yearn 


ment, using Che 
Tater? 
(6) 10 minutes 


(1) 20 minutes, 


(a) 7 nates 
(111 minutes 
What was the fissionible material used 
in bomb dropped at Nagasaki Wapan) in 
the year 1945 7 


(a) Uranium 


(6) Neptunium 

(eo) Beryllium (d) Plutonium. 

The radioactive decay of the certain 
nuclide is governed by the following 
relationship 


it Aa where h = 2.4 x 104 5-1 
dt ¥ 
What is the half-life of the nuclide ? 
(b) 1.3 x 1075 
(A) .4 x 10-4 s 


(a) 2.9 10's 

(0) 1.2% 107s 
(0) 6.0 x 10°" s, 
The ratio of wavelength of first line of 
Lyman series of doubly ionised lithium 
atom to that of the first line of Lyman se- 
ries of deuterium (,H?) will be 

(aac . (b)hs4 

(oD: 1 * - (d) 1:9, 

jaws the principle ofa simple form 
spectrometer. Ions are passed 
through narrow slits, S, and S,, and into 
velocity selector. The selected ions, after 
through the slit S, are deviated 
by the uniform magnetic field, 


Ragion of 
magnetic 
field 


Velocity * 
selector 


Fig. 5 


AIA AMO LL Ay gay 


69. Two electrons in an alom are 


GH, 


70. 


72, 


Which al the lMeorinys 


FW KALE For ANT ayy ng eet 


Mn be 


pune po 


ta) dane 


Maen 


FOLIO enerey en 
Mase 


(momentum 
au 
in Mecays Ueouph 5 MnHen uf 
WO ran ety, 
MALIONS Lon ETE Ruclid . 
ticles emitted inthe gue 
mations are 


The pear. 
> tran tig, 


Ls ft fi aon 
Which nuclide is not Produced 
series of transformations ey 


224 y, 
(a) “yaa thy Hy, 


during this 


ay 2104 
to Mg Th ay Be 


< an Moving 
orbits of radii Brand or respectively a 
ratio of their frequencies will iy 2 Pe 
(a) 1i8 (Hy8:) 
te) 1227 (27: 1, 
The value of wavelength of radiation emit- 
ted duc to transition of clectrons froma = 
* dton = 2state in hydrogen atom will be 


Skt is 
ieee 16 
“a aor 

«hy alk 
MG 


tive isolope hasa decay constant 
Aand a molar mass M. 

* Taking the Avogadro constant tu be L, 
what is the activi 
of this isutope 7 


Ly of a sample of mass m 


(a) nM (yy ele 


The Minimum wavelength in Lyman se. 
ries is 
wo wR 
R 
1 
ois WR. 


MZ oye 7 


bik Ser en 


days? MIPS dea pe aher24 
ae wt 
135 
wt an 
we 


(605 


(70s 
fen l2ns 
76. The passage of ‘ 


teach of mass mn, What is the maximum 
wavelength of y-ray photons for which pair 
Preduction is Possible ? 


(a) — 


te-= the speed of light :A = Planck constant) 

Ti. Radioactive "C dating was used to find 
the age of a wooden archacological speci- 
men: Measurements were taken in three 
situations for which the follawing count 
rates were obtained ' 
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the 2nd orbit of hydragon atom. Given : 


(a) 2500 years (6) 7000 years uestions fors 
ti : e 
spectinen. an ei a (c) 11000 years (d) 13000 yenrs Q _ Self Assessment 
1 Gheeairtas 8 ie (e) 23000 years. Indicate the correct choice among the f lo 
iving wi fy 
te ici of 35 counts per 78. The maximum wavelength of Lyman go, J. Acertain radioactive clement has halfii ie lions (a), (6), ¢e) 
archacological minute pees » § : of 4 days. The fraction of Material tha fa) 12164 mt sea 
specimen 1 2s oy decays in two days is, . (43404 663 A 
no sample 20 counts per (Re RG A (a) V2 Ona & In the case of thon Mie 
minute é 4 we obi um As 22 and z 
= @—. te) V2 (dy (V2 ~ 1), Man isote . 
If the half-life or 4C is known to be 5700 yp 3R In the disintegration sa ye and Z = 82) afer alle (As 208 
years, what was the approximate age of . . 2. : a in fies disintograti rune tev 
the archacological specimen ? ; U—“>xt , aY, foe Salted Te respectively mp 
The values of Zand A respectively wilt be (05,5 164 
(a) 92, 236 (2) 88, 230 Whi OG 
0, 234 * nich ofthe folowing pa 
(c) 90, (a) 91, 244, same forall hydroge ise are the 
3. An clectron jumps from the 4th orbit to in their ground nce ¢ ALoms and ions 


(a) radius of th 4 
the Rydberg’s constant R = 105 ml, The Ciencia ath at () speed ofthe electron 
ey in Hz of the emitted radiation (2) orbital sigan f 
will be mentum of the electron, 
The orbitin, p 
3 B speed u, of & (the 
(a) = x 108 Sco for e*) in the nth of maa 


9 15 3 ts 

(x10 (di Fx 1088, 

4. In Fig. 6, Ey to E, represent some of the 
energy levels of an electron in the 
hydrogen atom” 

Ee 

€, ——_——- ov 

&, ————————— - 085 ev 


| ic 


©, ———_—————___-3ue 


L bit in the case of 
Positronium is x-fold Compared to that in 
nth orbit in hydrogen ‘tom, where x has 
the value 

(a) ORGS 


(rw Ww 


. If the wavelength of photon emitted due 


to transition of electron from third orbit 
to first orbit ina hydrogen atom is), then 
the wavelength of photon emitted due to 
transition of electron from fourth orbit to 
Second orbit will be 


: , to) ea wa 
E, 136 ev 
36 135) 
Fig. 6 taph wy. 


Which onc of the fullowing transitions pro- 
duces a photon of wavelength in the ul- 
tra-violet region of the electromagnetic 
Spectrum ? 


5. The second linc of Balmer series te 
Wavelength 4861 A, The wavelength of the 
first line of Balmer series is 


|. Transitions between three energy levels 


ina particular atom give aan 
tral lines of wavelengths, in incres 
magnitudes, 4), A; and A,. Which one 
the following equations correctly rela 


16x10) Ay, A,and Ay? 
—£, (WE, —E, oe ) vekt 
—E, 1 a 
Wk, — By aera 
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u (Obfecing 


san, 
“ma licated, cach of which produtes 
the series avelength of the Lyman nd ho 
7 ae ine Satan is 12 A, then of definite energy and frequency, 
the series lint wavelength for the Balmer E, 
senes far the hydragen atom is E, 
(iA EF 
os.td z 
12.) Fig. 7 represents in simplified form same : 
of the lower energy leaves af the hydro- 
Ken atom, : 
Ifthe transition of an electron from E, to 
E, were associated with the emission of 
blue light, which onc of the following tran- 
sitions could be associated with the “mis E, 
sion of réd light? Fig.9 
ake Which one of the spectra below best cop. 
E, responds to the sct of transitions indi. 
p £ cated ? 
Energy] ~? . 
(Low) Frequency (High) 
as (a) | p 
Fig. 7 - 
fa Ey ta By _ Eto i) a 
(el Ey to E, Why toy walt 
(rd E,W K, 
13, In radinactive decay, if AN is the number wo 
of nuclei decaying cal 
in interval Af, 
and N is the 
number of mean 
active nuclei dur-, 
ing that interval, 
the graph be- ; 
tween the quan- Fig. 8 Fig. 10 
tity r= CN ANI au 
aie a iain ; will have the shape 16. The energy of an electron in excited Hy- 
ey me . drogen atom is — 3.4 eV. Then, according 
a ye to Bohr's Theory, the angular momentum 
bid balsas of this clectron in ds is 
14. The wavelength ofthe first line of Balmer. (a) 2.11% 10-" eiSe 105 
series is 6563 A, The wavelcngth of the aetna 01g 1998 
Ene Ti 5 : ean 
ae Senne mann i 17.- Bombardment of a certain material with 
etein ea A -particles produces an emission which 
teracuan A “eb sor a, penetrates lead, ejects protons from 
15, Fig. 9 shows five Jevels ofan atom, paraffin wax, and travels at speeds up to 


one being much Io than the other four, 
Five transitions hetween the levels are 


5 x 10? ms“, What does this emission 


consist of ? 


ATOMI 


18. 


19. 


20, 


21, 


IC AND NUCLIEAK MY ste 


(a) X-rays 


epg 

(e) feparticlex PH ue 
(e) ultra-violet light, = 
An atom makes a trape:y. 

of encrgy E, to ong or fm a state 
Which of the following i Mery 
longth of the radiation 6 
of the Planck's, Constant f, 


of lighte? 


i 
FE - Ey)" 
Listed below are fi 


nected with photons andor charg, 
ticles 3 B 


ve phenomena con- 


ed par. 


1. alpha-particle emission 
2. beta-particle mission 
+ 8. line emission spectra 
4. line absorption spcetra 
5. clzetren diffraction. 
Which’ of these Phenomena wiv 
evidence for the existence OM disc 
tronic energy levels in atums 2 
(a) 1 and 5 only (012 and J unly 
(2,5, 4 and Sonly 


rete clec. 


(c) 8 and 4 only 
(e) 1,.2,3, 4 and 5, 


The rest mass of the deuteron, +H. is 


equivalent to an energy of 1876-McV, the 
rest mass ofa proton ix equivalent to 939 
MeV and that ofa neutron to 940 MeV. 


A deuteron may disintegrate toa proton 

and a neutron if it 

(a) emits a y-ray photon of energy 2 MeV 

(b) captures a y-ray photon of energy 2 MeV 

(cd emits a y-ray photon of energy 3 MeV 

(d) captures a y-ray photon of energy 3 MeV 

(e) cinits a y-ray photon of cnerpy | MeV. 

An cnergy level diagram for an atom is 
shown drawn to scale. The clectron tran- 

sitions give rise to the emission of a spee- 
trum of lines of wavelength, Ay) 4g. 4 
Ay dg. 


es direct ” 


8 


\d) Dethe, 
Fea Fadionctive nuclides x; 
Xand 
Y cach have equal Activity AS at time p= 
0. X hus a half-life of 94 Years and Ya 
half-life of 16 years, 
The samples are Muxed together, 


What will be the total activity of the mix. 
ture at t=48 years? 


Sample 


1 1 
(a) yao ys Ay 
3 a 
fe) Tg Ao (di 5 Aa, 


Considering only alpha particles, eleétrons 
and protons, which one of the following 
correctly names the particles for which the 
magnitude of the specific charge (Q/m) is 
greatest and least ? 


greatest Q/m — least Qin 
(a) eleetren alpha partile 
(b)alpha particle cectron ij 
(c) electron proton 
lectron 
(d) proton elect 
(¢1 proton alpha particle. 
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26. Ina sample of radioactive materi 


28. 


24. The frequency of revolution ofylectron in 


ath orbits f,. If the elvetron makes a 
transition from rath orbit to (a= 1th orbit, 
then the relation between the frequency 
(v) of emitted photon and f, will be 


v= vi 


Wve hy 


fave fa 


teyve 2b 
In 


what 
percentage of the initial number of active 
nuclei will decay during one mean life ? 
(b) 63. 

(d) 37%, 

A radioactive semple consists of two dis- 
tinct species having cqual number of at- 
oms initially. The mean life time of one 
species ist and that of the other is 5tThe 
decay products in both cases are stable. A 
plot is made of the total number of radio- 
active nuclei as a function of time. Which 
of the following figures best represents the 
form of this plot ? 


t 1 t 
(a) (b) 
N : N 
* ya 3 “a ! 
= Fig 


After an interval of one day, 1/16th initial 
amount of a radivactive material remains 
ina sample. Then its half life is 
(a) G hours (b) 12 hours 


(c) 1.5 hours (c) 3 hours. 


, then the ratio of the number of nu- 


clei of X to,that of X, will be W/e after a 
time” * 
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1 ae 
Tx . im Mm 
u me 
TO i on" 


30. Four lowest energy levels of H atom Ore 


31. 


32. 


33. 


(34. 


35. 


shown in Fig. 13, The number of possible 
emussion lines would be 


ned 
nad 
2 
rt 
Fig. 13 
(a)3 (b)4 
(c)5 ° (d) 6. 


Which stable nucleus has radius one-third 
of that of Os'89? 


(a) Be? (b) Li? 

(c) FY (d) none of these, 

The half-life period of a radioactive ele- 
ment X is same as the mean-life time of 
another radioactive clement Y. Initially 


both of them have the same number of 
atoms. Then , 


(a) X and ¥ have the same decay rate initially 
(6) X and Y decay at the same rate always 

(c) ¥ will decay at a faster rate than X 

(d) X will decay at a faster rate than Y. 

2Ne nucleus, after absorbing energy, de- 


cays into twoa-particles and an unknown 
nucleus. The unknown nucleus is 


(a) nitrogen (b) carbon 
(d) oxygen. 
Three-fourths of the active nuclei present 


in a radioactive sample decay in 3/4 s. The 
halflife of the sample is 


(a)ls (b) 12s 
(VAs (d) 3/8 5. 


(c) boron 


If m, m, and m, are the masses of 2X ‘ 


nucleus, neutron and proton respectively 
(a) m =(A-Z) m, + Zm, 


(b) m <(A-2)m, + Zm, ‘ 
(c)m>(A-Z)m, + 2m, 
(d) m =(A~Z)m, +Zm,. 


ate 


37. 


38. 


39. 


40. 


41. 


42. 


yMIC AND NUCLEAK Pliysics 


The half-life of 2%At 
taken for the radioaci 
TISAL to de 
value is 

(a) 400 ps (63. us 
(e) 40 us (4) 300 ps, 
Which of the following 
sents a gamma-decay ? 
(a) 9X, 41 PAX, eae 
(b) 9X, + Mg XK, oe 


(co) 9X, 9 AK, +f 


is 100 ps, 


: is, 

UUViLY Of a ga, 

cay to WGth of itg initial 
al 


Processes Tepree 


(dd Xp + 0. Ky og, 


The transition from the staten = 
3 in a hydrogen-like atom rule 
traviolet radiation, Infra: in ul- 


‘ U red radiation wi 
be obtained in the transition onl 
(a)2-91 (342 

(ce )4 a2 (Misa, 


In Rutherford scatterin, 
number of u-particles scattered at 60° is 


5 x 10°. The number of G-partj 
scattered at 120° will be Pesecles 


B cxperiment, the 


(a) 15 x 10% (6) S108 
3 


() 5 «10% “() none of these, 

A stationary thoron nucleus (A = 200 Z= 
90) emits an alpha particle with kinctic 
energy E,. What is the kinctic energy of 
the recoiling nucleus ? . 


E. E, 

(a) 755 wT 
E, 

(SE ta) Ea 

()E,. 


The fraction of a radioactive material 
which remains active after timet is 9/16, 
The fraction which remains active after 
time ¢/2 will be 


4 i 
os Ol 

3 
(c) 5 -(d) q. 


If clements with principal quantum 
Number 2 > 4 were not allowed in nature, 


the number of possible clements would 
have been 


46, 


47, 


- 1. The growth curve for Y 


48, 


z 
Let the pot 
inthe g 
energy in the f; 


: 
ial energy ofh 


round state be a oeen atom, 


FO. Then its to 
FSU excited state will _ 


(a) 102ey (13.6 ey 
6 


(123.8 ey (O72. 

The graph re feex, 
Presents the d 

Prepared sample o e decay ofanenly. 


f radioacti i 
toastable nuclide y. The hallieaten 


inte 
decay curve for X after time T. une 


Number 
of atoms | X 


Fig. 4 

What is the time T? 

(ave (oat) 
(et (d) Int) 
(e)2t. 


Ahydrogen-like atom emits radiations of 
frequency 2.7 x 10% Hz when it makes a 
transition from n=2 to n=1, The 
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———————— 
Answers, 


frequeney emitted ina transition from (a) Ny = ee (D).N, = 20 lay) Xplan 
ne Ston = Lwillbe (YN, = eM) N= 20 Ung) . y ations 
(ay k= 10" He (V2 6 10M Te (e) N, = 1000 et, malcaied Multiple Choice Quest; —— 
(ATW Wh Gas 1M He 52. At time t= 0, some rndionctive go gj 1, (0) Factual information, ans 
49. Radiation from ara Jected into sealed vessel. At time’p, son g Wd) Ath N36 2or7, 15 i 
dinaetive source enters more of the same yas is injected into the Again, 2447242429. 4 7 iz ) Mate ig 
an evacuated region in same vessel, v Clearly, it is a case of neutron, siren ate caller Sowing 
which there 1s a une Y Which one of the following graphs best 3, (b) Factual informatio, ralligg e 0), poliracs! veel 
form magnetic field resents the variation of the logarithm : 1 18 (a) “do are Used As (eattenten 
perpendicular to the aumae the activity A of the gas with time ¢? E 4 (0) xf Bohr’ tre the PANY Limite 
plane of the diagram, s . Plain fay drogen git thatthe 
This region is divided Fig. 15 in, ter{ 2 : : *ectrum? Be fine sont te, 
into two by a sheet of Again, 57 7-3 r 1, OY Aeee byrne 
aluminum about 1 mmthick. The curved, jg, ina 13 estamos 
horizontal path followed by the radiation i ee Should be 20 ing eB AaE ag, 
a peat 5 40 9116 A Wert ay, 
is shown in Fig, 15. 9116 x4 ee Aultiple of 
Which of the following correctly describes, or N= As neg A 
the tyre of radiation and its point of en- . sdhyeldloacstiophionilates: : 18, (2) Angua, ricer : 
ry? oe ‘ fs t T t og. (a) 1444274 Lor?=17 9 (a) Uso, ans 
type of radiation - point of entry (a) (03) 4 5. BEN 1 oc? W Of conser at 
fa) alpha x Ina Ina . GA RAS LeGesi8: 20.) pg BOmentan, 
(6) alpha Y * Clearly, the clement is sor, . alee ots 2 
’ : ; 2. wy 7 heey, 
(c) beta x 6. (a) Fusion reactions ure a source of solar Refer to the binding ene 
(d)— beta Y onergy: 2 136 pea 
(ce) gamma x. : 1. (c)r«n? So, the required radius is 4 x5dx * (a) Reo Srey. 16 y 
50. If 10% of a radioactive substance decays T 1 es ng 10'! m or 21.2 x 10-!! m, " So, ionisation oe aw 
in every 5 years, then the percentage of 0) @ : De i Snergy is 151 eV. 
the substance that will have decayed in : : : 8. 6) = T37F fe) 2M + 1800 = 28800 
20 years will be InAs { aicaal pre 3r 
(a) 40% (b) 50% : S97 SS 2.18 x 10% ot * or gute 48 
, 137 ms", = 165%; 
(©) 65.6 % (A) 1.4%, an 24. ()Law efeanier, gt =40r T= 12bour, 
51. The graph (Fig. 16) shows the number of a lea 800d in ruler dings emo 
particles N, emitted per second by a ra- . A, t . 1 25. "(6) D-decay, na 
dioactive source as a function of time t. () Mean ile a 26, (c) Factual information 
The relationship between N, and ¢ is 10. (6) Factual information, 27. (b) For like Spins, nuclear fre j " 
. is 
Fig. 17 M. (e) In nuclear fusion reactions, theshydro- Fer unlike spins, nuclear fics arenes : 
B ‘ gen nuclei combine to form helium nuclei, 28. (a) Nuclear fusion is a source of energy in 
53, The fraction of atoms of radioactive ele- 1 (d)r, 02, sara. : 
ment that decays in 6 days is 7/8. The frac- 13. (a) Using law of conservation of momentum, 29. (c) Neutron breaks 4p into proton and ele 
tion that deeays in 10 days will be | 4 hig tron. The electron cannot stay inside the 
(a) 70/80 (b) 7/88 j 4u+234V=0,v=-—2. nucleus, 
te) au92 iw sane - 234 30. (a) Refer to binding energy curve. 
Y 4, @) N= No _ No _ Ny 31, (6) Radius of first Bohr orbit in a hydrogen 
© QUT = a0 = atom is 0.53 4, 
Li: 2100 32. (d) Refer to binding energy curve in Com 
3 Clearly, the remaining mass will be thot oe 


the initial mass. 
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vu, 


35. 


36. 


41. 


46, 


47. 


48. 


(c) 10.2 eV energy shall raise the electron 
from the ground state to the first excited 
State, 

(a) Helium nucleus is formed due to the fu- 
ston of hydrogen nucle 

1 _ No 
(a) N= ger 
ae a ee Ce a 

or $ =Sort= 3T=3% 3.8 days = 114 
days 

(6) Factual information. 

(a) Factual information. 

a 
(a) L=at. 
2n 

(8) Energy equivalent of both electron and 
positron is 2 x 0.51 MeV or 1.02 McV 

or 1.02% 10° 1.6% 10" Jor 1.6% 10-3, 
(a) Use conservation of momentum. 

(c) N=N,e~. 

(a) Factual information. , 
(d) Using E = mc, the options A, B and C 
are ruled out. 

(a) 

40 

or T= 4-2 days = 10 days. 


(c) Energy in ground state =- 13.6 cV 


13.6 
Energy in first excited state = — 7" 


Excitation energy = [= 3.4 -(- 13.6)|eV 
=10,.2eV. 
(d) Angular momentum is an integral mul- 
A 

tiple of —. 

ple of on 
(a) Any? = 4 22 

2 ir 


or mata h 22 
F 


‘ 3,8 1 
or Be or re 

r Pp , 
Clearly, if p is doubled, the distance of clos- 
st approach becomes one-fourth, 
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49. 


50, 
GL 


52. 


No N 1 
(N= ah or Maes 


N 1 1 1 


a PL ar a 
(a) Refer to binding energy curve, 

(6) When an atom is bombarded with elec. 
trons of cnergy W, quantum of the energy 
denoted by E is absorbed by the atom and jt 
is excited toa higher energy lovel. The atom 
becomes unstable and fails back to one of 
the lower energy levels. The decrease inen. 
ergy E in energy when the fall occurs is re. 
leased in form of electromagnetic radiation, 
By quantum theory, the cnergy charge E ig 
related to the frequency fand wavelength), 
of the radiation by 


where c is the speed of light. 
The radiation has the shortest wavelength 
if the quantum of energy E (< W) absorbed 


by the atom from the electron of energy Wis 


the largest. From the five graphs given, atom 
in graph B will absorbs most of the energy 
W from the electron and re-radiate in all 
direction, radiation of shortest wavelength 
when the atom returns to its ground state, 
(c) Frequency v of electromagnetic radiation 
is related to the energy change AE ofan atom 
by the equation 
hc 

DE =/Av= ci’ 
A is the Planck constant. 
Here) is the wavelength of the electromag- 
netic radiation. 
cis the speed of light, 
Blue light has a higher frequency than the 
red light and hence if absorption of red light 


.is to occur, the corresponding change in en- 


ergy level should be smaller. Thus the pos- 
sible transitions associated with the absorp- 
tion of red light are either E, to E, or E, to 
E,. (Absorption of electromagnetic radiation 
is always associated with a rise from lowe 
energy level to a higher one.) 


‘ 


ATO! 


ai AND NUCLEAK MTYs4e 


As a increases, E, increases, 
(d) (a) False, Beats are ener; 
conversion in the nucleus, “bY nto, 
(b) False. Z is related tp 
nu 
net charge of atomyjon, lear charge, not 


(c) Upper limit is for 
length. Fulse. 


(d) Faster electrons, loss time 


plates, so sensitivity falls, Tieh the 
56. (a) gg + yn!» qua e, 
es oaNp29 


64. 


frequency, NOL way, 
e- 


> he? 
E,=— . 2 
4 and po_ he’ 


66. (a) 
Now, 
57. (c) 


58. 


"© During B* emission. 
pia ple 

The proton changes into neutron. 

So, charge number decreases by 1 but 

mass number remains unchanged. 


Fe + Dye 


1; oF 340, 


1 

83. (c) IFN is the initia) part 
1 “ 
active sso tl Pies te aio 


fates, ae ‘dN’ 
initial activity () --s . 
where N= Nyel:tinyean, 
Ing 
A= halite: ¢yean 


Number of radioactive particles needed for 
the treatment is 


_ (aN 10 
ue(3 i * Tex Lx 60 
JON tt 


"Tx 365x240 
‘Two years later, the activity remained is 
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40m 
IOP ninutes be needed for the eane treat 
wont, (hen 
N ( a 
Whe 2h 60 
ae «BR 
ON uy 
Ve die Whe 
' 
te, Pe 10 6 14, We Wd 
minutes 
GA. UN The highly devtructive nuclear bomb (ar 


Fen the nuclear fiexion 

Hetions wf uraniuin ~ 245 ar plutoniuin — 

Hin the nucear boinb, the firsion reve: 
Gon ef uranium — 245 lor plutonium — 239) 
in deliberately allowed to yo out of control 
This produc N enormous amount of en- 
ergy ina very short Gime. The atom bomb 
based on the fivwon of uranium — 245 wis 
dropped on eaty of Hiroshima in Japan on 
Gth Aug 1946 during the second world 
war, Another atom bomb based on the fis- 
sion of plutonium = 249 wax dropped on the 
city of Nagasaki in Japan three days: later 
on 9th Augunt 1945, 

65. la) The half-life of the nuclide related to 
the decuy constant 2 by the equation 

Tis “ 2 06! 


66. (d) 
a aixg? 
1 2 
—=ReI 
Aun 
Dividing, 


67. (b) For a piven magnetic field and electric 
field E, the velocity of the ions puss through 
the élit S, is of preselected value given by 

vk 
B ’ 
Trasversing at this speed, the ions arrive at 
point P provided that 
2 


mv 
ree 


where 1h (he ciadias annuchated vAUH the 
ciredlar path taken by the jenn 

v4 

1 om 
ener, for i jiven magneue field Wand thy 
selected velocity, all inna will arrive at point 
J (uate WO af the quantity qhin or charged 
Mans in the nama, 

f 


, ‘ f 
G8. (ay TU — MQ, we, 


He "ny 
1g 3 ig T 9 2 py 
“an : ‘ . 

ny ta J8 NOL produced during this serie of 
transformations, 


69. (d) [<a or fut 


(n) 
Dividing, fe og? of f. 27 
f ie 
1 1 1 
—=R 3 
70, (b) i [= =| 
or a elt [3 - dl 
2 4 16 
gent] or Ae lk 
71, (b) The given sample of radioactive isotope 
: mL 
of mass m contains —— number of 
undecayed radioactive particles. From the 
law of radioactive decay, its activity A is 
given by 
72. (a) 
or 
73. (a) 
' _ 2x 662 10% 
i Ox 3.14 
or L=211 «10's 


1 * 
74, (c) The radioactive clement has B ofagiven 


quantity that remains after 12 days. Aer 


aie AMD MULIAK Ati B He, 
fa —_ 


Te Syn fallen tol O85 ¢ 


. 16. () The energy of the Poritron 


gh daze, ON addituan al yy 
Ce het the faa, 
1 

(EIA) o 

B) 4 4 

(ce) The activity froin tie Wines 
iret an 

ONS 


netivily: This correrpendy y, ( y 


tial activity or the Daraaye 
Hence, the bal lito ofthe eyared 


tron E is related to the frequency tee. 
ray photon by the equatioy, A they. 


Eshfa,& 
2. 


where ?. is the wavelength of 


aren Pray pro, 
By the Einstein's mass-energy telatisn, 5 
hove SENG 


B= me? + inc? m2 


% ame? = b= 
ee 
2me*  2me 


it | Questions for Self Assessment - 


1, (d) In Lhalf life, the radioactive Auclei re- 


_N 4. (a) They 
maining is Inn half lives, the radioae. trum caldera iste Spee. 
ZA ina formu 
ive nuclei remaining ip NO teenie ts Tee ee 
tive netoli iE a: a - SO, number of (lletwasthe Lina area there pen 
nuclei disintegrated in n half lives is {rum was the Blamser series and the inky 
No-N2). vor ne 2 ; Ted was the Paschen seiea 
o- 3h or a= gq: the fraction The ultravicle: series is chained when the 
i energy of the atom Sills to the lowest energy 
distintegrated is (-4}: level E, corresperding to n= J. The visible 
2 ‘spectrum is obtained for energy falls to a 
2. (d) a decreases mags number by 4 and re- higher level E, corresponding to n= 2. The 
duces charge number by 2, Pedecay keeps infrared spectrums is ob4auned for energy falls 
mass number unchanged and increases to the higher level £, where a =. 
charge by 1. Clearly, (d) is the right Thus, ultraviclet radiation could only be 
+ : 
choice. possible with transition from E, to B, cuba  ¢ 
a) Jer 2-3 the five given transitions, 
a ae aed , 5. (6) For first member, ' 
y 1 ‘ 
‘i ren[}- 2] or veet| ;] 
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sun 


bd 


27 ; 
Fae whe Bt 
or Pe 9 * hes ST 4861 A 


number 
‘OB = 24 


5 
Number of a-particles emitted = 24 -¢ 


4 
Due to emission of Gu-particles, decrense in 
charge number = 12. 
But decrease in churge number is 8, Clearly, 
4 fi particles ure emitted, 


(d) Le = mor omatate] nth? 


ah }Ek tn ’mize* 


_ ath 
2 an 
Clearly, Lis constant. 


(a) mv,2 = *. Since modified m is half, and 
; 


modified 7, is double, vu, remains the same 
as in H-atom, 


— 
| 


£@ Positroninm is an atom in which 


au electron (e~) and a positron (e* ) go 
round thetr centre of mass. Bohr's con- 
ditions hold for it, as used in Hydro- 
ken atom, but the mass m, of the elec- 
tron ts replaced by the modified mass 

mM, Mp 


= ———., where m 
** ne+m, , 


is the 


positronium mass, which is equal fo m,. 
With this, one may treat the electron 
Boing round the positron, and apply the 
equations used for hydrogen atom case, 


o. 


1 (31 
(a) : 
dig 
i 
Again, ! [ 
ae eed Poa 
' tah. 2 
seRlo-— 
mF v uf} 16 
14.3 
ols 
16 
or Maye 
HIB BR op ye eB 
oR 9 27 


(c) Let the three 
energy levels be 
E,, Ey and Ey. The 
wavelengths A, dy 
and ), of the spec- 
tral lines corre- 
spond to the three 
energy transitions 
are depicted as 
shown, By quan- 
tum theory, the 
energy change E is 
directly related to the frequencyfand hence 
itis inversely proportional to the wavelength 
d of the electromagnetic radiation as stated 
in the equation below. 


Fig. 18 


ene” 1 
aBahf=s or E x 


(given A, <A, <A3) 
Thus, for the three wavelengths, we have 


1ao(2) 


(3) 


A), 
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MW. 


12, 


13. 


14. 


(d) For Lyman series, the 7 

length in given by PENS Limit yyy, 
1 1 4 
ra ft ~<a] +n or ind 


For Balmer series, the to, 
length ix given by 


as eh 
% “(4 -4]-4 ee 
’ 1 
Clearly, 2. -[7] or Ws 4}, 


(c) The wavelengths of the 
spectrum could be arranged j 
named ufler ils discoverer. The 
was the Hyman series obtained w 
of the atom falls to the lowest ¢ 
E, (- 15.6 eV) corresponding 1g 
visible spectrum known as the B; 
series is obtained for energy les eter 
excited state E, (~ 3.4 eV) corresponds, eit 
n= 2, The infra red Spectrum known ate 
Paschen scrics is obtained fur one, vue 
to the second excited Slate E, ene 
corresponding to n = 3, a esa) 
Bluc light falls in the Balmer ser; i 
is obtained when the atom eae 4 
transition from E, to E,. Red light falls ; 
in the Balmer series and it has 9 ia ee 
frequency compared to blue light. “i 
quantum theory of radiation, the ener 4 
change E is proportional to the frequeneyt 
electromagnetic radiation /by K = Af. Thus, 
red light is ussocinted with asmallerenengy 
change froma lower energy levo| 

to E,) to the first excited state aibvek 
the only possible transition that resulls in 
the emission of red light is tho E. to E, 
transition, aa 
(c) r is for fractional decay rate, wh; 
Rutherford law, is constant Henny 


(a) For first line of Balmer Serics 


1 if 1 

—aiR) ak Jtopflit 

a cE: #] « tea{t 2] 

1_ [9-4]. 5 6 
or y=Ri—l]-2 == 

x [4] as aR 


pee. He 
Tim Jimi way, 


NEKEY Tevet 
"= 1. The 


‘for first line of Lyman serics 


fourth 
Beries ofthe cat fay 


The spectrum of| 
the five transitions 
best represented in cou ues 
16. (a) 


Es-34evie at 

Es-136y, 
1-136 eV; 
Clearly n = 9 

Angular momentum 


2th th oh 
De yg PN x10 


1 (d) The emission consists ofnetrons, When 
Beryllium is bombarded by G-particles, it 
Cmits neutrons of high speed and the neu 
trons are capable of penetrating many cen: 
limetres of lead. These neutrons are capa- 
ble of causing protons of energy to be shot 
out from materials such as paraffin war 
which contain hydrogen, 

Chadwick was able to account for all the 
observed effects as stated above when the 
emission was first thought to be very ener 
etic gamma rays which could not be so be- 
cause if it were so, energy and momentum. 
were not conserved in the collision produc- 
ing it. The Beryllium radiatjon consista of 
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uncharged particles with a miss almost the 


Same as proton’s and is ealled aneutron | In] 


by him and the action of a-particles an bes 
ryllium can be represented by 


{Bee $Me Boa tn 


[tet we] 
(@) By quantum theory of radittion, the en- 
ergy change E between energy levels is pros 
portional to the frequency of clectromagnelic 
radiation f and is given by the equation be- 
low 


" ke 
Beif= > 
where 4 is the Planck's constant 
¢ is the speed of light 
4 is the wavelength of the radiation 
Now, energy change by transition from E, 
to E, is given by 
E=E,-E, 
From (1) and (2), we have 


(c) Alpha (() particle and beta ((§) particle 
are actually helium nucleus :ind electron re- 
spectively. They are emitted by nucleus and 
hence is evidence that radioactivity is a nu- 
clear proce: 


Line spectrum consists of discrete lin h 
corresponding to a wavelength. The wave- 
lengths are characteristic of the element 
emitting the light. When the continuous- 
spectrum light from it carbon arc is seen 
through tube containing sodium vapour, an 
absorpuon spectrum is obs 
dark linus correspond to the v 
absorbed by the sodium atom is observed. 
Both spectra are evidence of dis 
electronic ener; In uloms. 
Diffraction of a beam of electrons by a metal 
crystal (nickel) shows de Broglic’s idea that 
electrons have wave properties. 


20. (d) Disintegration of deuteron to a proton 


and a neutron can be represented by’ 


TH+Q ine la 
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99, 


24. 


ene 
Hy conservation of energy, the energy of the 
y-ray photon Eis given by 
Has 19+ M0 F 
2, (HN9 + 910) - 1876 =4 Mey, 


hecuuse photon energy ig 


yi 
c 


(d) Given 


X has activity Ay até = 0 and its half-life is 
24-yeurs. 


_ Yhas activity Ag ats = 0 and its halflife is 


16 years. 


Att =24 yeors => activity ofX = 


Atl =48 years => activity ofX = 


4 
4 
2 


Att=IGyears = activilyofY = 


Att=32years => 


= 


activity of Y == 
ivity of 7 


Att=48 years = activity of Y= 


Thus total activity of the mixture of X and Y 
att = 48 years is 


J Ag+ Ag= Ag, 
(a) Mass of a a-particle = 4.0015 U 
where U is the unified atomic mass unit of 
166 = 1077 kg 
Mass ofan electron —- = 0.5371 mU. 
Mass of a proton = 1.0073 U 


Charge on a a-particle = 2e where e is the 
basic charge unit of 16 x 10'*C 


FoF ee 


26. 


26. 


Charge onan electron 2, 
Charge on a proton 
‘Thus, magnitude of s, 


+e 


PLCC Charpy 


for electron is —£__ 
Ons7Img tne © 
‘ U 

_ 
for protunis a & Dinan ¢ 
U 


2e 
aa 
4001560 
0.4998 | — |. 
or ( ) 


for a-particle is 


2 
(d) mrwit = 7 or itz BO 
mri 
F he? 
ae 4m 


loon 
ho an ne? 

2h x An? me?) 
An (nen? 

y _ bitn? yt my? 


But, r= 


ORS 
24 2 
he 2 he 4m) 


or 
Again, al 
i nS 31. (6) 
bi R=R Au 
Ont [pk 2 A 
‘, 2ntine [n? -tn—vi RR, (189)% 
i n* (nF R 
Pere 
or ‘ 


; Dividing, 
If nis very large, then KA ‘ 


2ntine’ Qn 
a“ x 


or 
063 
or as wa A 
x fy 
(b) N=Nge™ 


or 14, = 0.693 yor Dy chy 


Ngo MA) F Since AN isthe decay rate theteforeY vl 
° decay faster. 
Pe) 39. (8) Ne wav = 2H + 2" 
Xiis an isotope of earboa 14. * 
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40, 


ant UF 
47 » 6 
wre (3 (ayo, i 
alk) 9 

(dh) The Cp aiele ering rariatinn: yan, 
Theron = £0), derays w Madiuin ~ 216 and 
emits and a-particle The reaction can bee 
rogresented by 


Mig, Ay g Hye, 
FeV A he HH 


Ly coneereation of momentum, we have 
mnentuin of oeparticle © momentum of 
revaling nucleus Ha 

bad MN, . My Ly 

He a ics A cs 

My 2G 54 

The kinetic energy of Ra, Ey in related to 
the kineticenerpy of alpha particle E,, by the 
¢quation below 


— 


1 2 
ei (eel 


E, 2 (Um, )\ im, 


= Man 


Man the spatial Uriiniqus used 


he ptedder 


At, th) Moe int 


LN Bl hy 


2 ob 4 46 iy Zsa hy, 


‘m4 
Me (a) W z Ya 
, 1 1 J ~ 1 
ot ry * pe Ze ae ge 
or a" v3 we t= AO minute, 


M4, (b) Applying eanzeremion of momentum aod 


converdation of energy, 
KK, «54 We, 


AG, (a) 


n 
416, (c) Potential energy of hydrogen atom in the 
ground wate is ~ 27.2 eV’, If the potential 
energy in the ground state is taken as zero, 
then the whole energy spectrum will be 
shifted by 27.2 eV. So, the total energy in 
the firat excited state will be (- 3.4 + 27,2) 

eV or 23,8 6V, 
47. (c) By the law of conservation of mass, the 
total mass number is constant before and 
after the reaction. In other words, the total 


49, 


comer of actors x 
TK rast be erg: 


CO toe 


YL, wet 


Nye tya ds 


at 


where 1 it the Oey or atcae Weems 
OU seaity 


ath it iret tas Be 


Hen, atta T 


4 


CY Pa 

or vai 427710" He 

=3,2 x10!" Hz, 
(d) y-rays are clectromagnetic waves of 
which no deflection is observed when a beam 
of yrays is allowed to pass through a Percentage of substance decays ‘a 
magnetic field. Since the presence of =(1 ~0.6661)» 100 H = 
magnetic field deflect the path of the © 


—— | 
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or 


ey 
re 


51. (d) The graph ean be represented by the ‘ No_ ow 
Tinear equation as follows Wot 
InN, No 
; ; tog, $0 = At | 
Tae ene 1, ON | 
= WN -Ingos— 7 4 tin 20 = 300) or t= 5 log, 52 . 
= -0051 ‘or te Jog, No : 18 
x , 
a anata : SOLIDS AND SEMIconpy 


(6) The rate at which the atoms decays from 
the radioactive gas is proportional to the 


mber of atums present in the gas by the 


CTO 
re : ‘ ELEcTRomAg ; R Deviogs, 


There are three basic logic gates : 
OR GATE, AND GATE and NOT GATE. 


equation P A 
: N ' RINC 
aN kN 10 logig eM . IPLES OF Co 
7 MMUNI 
where 4 is the radioactive decay.constant = log yo ey 10 
From which we obtain Dividing, ——N = 10 
NeNow 4 log io T G 
and hence In N= In Ny-h No 5 | 2 act naveitvnen cheevetdiis 
pig : 0 No 8 3 4, There ares Tystal systems. 14 
t an SER Basen italian “ 'se10 N 3 lego? g, Pure semiconductor is called intrinsic TAR ATE ie GATE f, 
ates N, miconductor. other Gates ean be tool 
stray! : tative pi a 1 Os 5 a 4 ce M4, in mode, 
straught line of negative gradient with ak Bio oy log, 2 3, When an impurity is added to an intrinsic li ding to Ampore's Srevital law, 
magnitude 4 when In Nis plotted against, j fH eetea al elon wares be integral of the magmees 1 tbe 
No _ os semiconducter, w2 cet extrinsic semicon- ack «* MOgnetic Geld around 
Thus, = T, the logarithmic of or 58-28-32 ductor. thre O°? i by times the curren 
aN decreases uniformly . f ; reading the surface bounded bv re 
¢ Lime period from or A 4. ity Seraiconaeior has pentavalent ies oop. Sounded by ibe 
No 32 . | imp +. . 5. Electromagnetic F 
Fraction that decays | 5, Netypesemiconductor has trivalent impu- nature, waves are transverse ig 
| rities. 16. Maxwells four equat 
= 3-8. |g, When PN junction diode is forward-biased, Siok Sovatins areas under 
| the current is due to majority charge car. 10) fi.8-2 ti) fi. Be) 
53, | riers. ty 4 
| When PNjunctiondindeisréversebiase’, in ff. a4 15 
| the current is duc to minority charge car- Ic fa 
| tists, to Ea cc 
ee " E.dl= + 5 
| 8. PN junction diode is used for(i) half-wave fi Hales | 
| rectification (ii) full-wave rectification. 17. Speed of em waves is given by 
). In the case of common-emitter amplifier, 1 
current gain is the ratio of collector cur- ca ea 
rent to base current, i! . 
a 18, Electromagnetic spectrom is the erderiy 
. In the case of common base amplifier, cur- pie cheese aoa 
rent gain is the ratio of collector current with their waveleogth of Eequenyy. 
to emitter current. ; * 49. The surface of earth is kept warn doe to 
. Transistor can be used as an oscillator. Greenhouse effect 
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sd 
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_ 


Ye) 


Choose the correct answer from the four alternatives given in tach of the follow. * 


ing questions: 


The number of atoms per unit cell in SCC, 
BCC, and FCC are 

(a) 1, 2and 4 respectively 

(b) 8, Gand 10 respectively 

(e) 1, 4 and 2 respectively 

(d) 2, 4 and 1 respectively. 

Ana-type and p-type silicon semi-conduc- 
tor can be obtained by doping pure silicon 
with * 

(a) sodium and magnesium respectivly 

(6) phosphorous and boron respectively 

(c) indium and sodium respectively 

(d) boron nnd arsenic respectively, 
Wavelength of X-ray is 4,, of radio waves 
is A, and violct rays isA,, then the order of 
wavelengths is 

(@a>A>d, (DA >A>A, 

(ce) 2, >A, >A, (dA >Arh. 
Television signals on carth cannot be 
received at distances greater than 100km 
from the transmission station. The reason 
behind this is that 


(a) the receiver antenna is unable to detect the 
sigmal ata distance greater than 100 km 


(6) the TV programme consists of both audio 
and video xingals 

(c) the TV signals are less powerful than radio 
signnls 

(d) the surface of carth is curved like a sphere. 


Unidirectional property of p-n junction , 


diode is used in 

(a) rectifier (6) amplifier 

(c ) transistor (d) oscillator. 

In instrinsic semi-cenductors, current is 
carried by 
(a) electrons (5) holes 
(c) ions: (d) electrons and holes. 
Whose wavelength is longest in the elec- 
tromagnetic spectrum ? 

(a) x-rays (8) ultraviolet 


(c) microwaves (d) tadiowaves. + 


8. 


10. 


ll. 


12. 


13, 


“M4. 


. 16. 


For a heavily doped n-type semi-condug.+ 
tor. Fermi-level lies : 
(a) a little below the conduction band 
(6) a little above the valence band 

(c)a little inside the valence band 
(d) at the centre of the band gap, 

In a transistor 

(a) there is 1 p-n junction 

(6) there are 2 p-n junctions 

(c) there are 3 p-n junctions 

(d) None of these. 

Ina transistor, the relation between Qand 
Bis 

(a) B= oA1 -a) (6) B= 1A1-a). 
(P= a1 +a) (@)P=1-a, 
Germanium is doped with arsenic. What, 
will be the result ? 

(a) P-type semi-conductor 


19 


20. 


aie 
(b) n-type semi-conductor 


(c) intrinsic semi-conductor _ 
(d) none of these. 


, 22. 
In a unit cell (BCC), how many atoms are 


soul 


15. 


17. 


ps AND SEMICONDUCTOR pyyicy 


Which of the following Clectr; 
rays has maximum Wavelengip 7M Mttie 


(a) Radio waves W)Xrayy Lg, 
mi cee ae “ Pirates ray (a) ‘in Yoh, 
Radio waves of constant amp); fa, Ohm, May 
generated with Plitude canbe Pa ang 
{a} rectifier (6) fitter (Dohey y Prig 
(c) FET (4) oseit tie O 
, ; lator, 25, yp ten, : 
Atomic packing fraction in bee Hatt; What jg ua Urey 
. Me js Ns Prine. 
(a) Wn (6) Je on Mite "ripe 
(co) V2 (d) Noric oF these 
Monoclinic crystal lattice has io: 
=fl= Si 
(a)usflzy (a= feo yg yye 7 
jae Bey 1 cel NO ofthese any 8 
Fundamental particle invede cic. in) (8) Nae 
magnetic wave is an clectro. 95 tte ra 
(a) photon electron 1 ch lates i 
(c) phonon (4) proton, token gi af 
The spe of electro-magnetic Tadiation in 27, {C)Infra-teg ) Mi 
ve + Earth's N None 
atm, ee 
(2) Hof (0) Yiuigta (2) Ultra-victer i chest in 
(6) Xa ” Inbred 
(c) Mylo _ MUN ygcp), 28, In sft 2) Microwaves 
The wavelength is least in case of fa) lataly rs mic forces a 
(a) y-rays Ab) x-rays lehcombinatin tu) lolallysitra, 
(c) infra-red (1) ultra-yjotey, WNonsera F(a) and (4) " 
Which one 1s reverse-biased ? 29, Formation i. 


f 2 
Plained by oF energy bands in solids ison. 


there in a unit cell ? 10V (a) Pay . 
(@)1 (6)2 15V “sv : ws Exclusion Prine 
a () Heisenbery’s Uncerta: 
(4 (d)6. ai (Babe's Theay cer y Principle 
What docs it represent? , (b) *  @) Ohm's Law, ¢ 
ele or ee : 
A a Sey What does it represent ? 
. ~10V =: ¥-'| Fig. 
B E 10V (on (b)aNo. 
fig | a 0) (el NAND (Nor 
mi : ; 31 IfA= 1.0 4, then it corresponds to 
(a) AND gate (6) NAND gate Fig. 2 (a) infra-red (Ai ekscis 
(c) OR gate (d) NOR gate. | 33. If Sn is doped with As, that will be the (c) ultra-violet ()Xrayx 
result? 32, In common emitter amplifier, th 


The wave with wavelength of 10 cm lies 
in region of 5 
(a) Radio-waves 
(c) X-rays 


(b) Micro-waves 
(d) Infra-red rays. 


0.98, calculate the current gain 
(a) 4.9 7.8 


(c)49 (76. 


(1) n-type semi-conductor 
(b) p-type semi-conductor 

(c) intrinsic semi-conductor , 
(d) none of these. 


; a | 
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U3. Which in reverse Liaped dinde ? thon output at ¥ will be 
A (0,0 (od 
| —)}—— (1 Wi 
vf “— ov | AL. Direction of em wave in given by 
~10v Wiel bE 
(u) Wy) sf 
—i—— ee ee (1 Wh. 
inv 10V y 
ov |. ‘Vv 42. Which wavolenjths are reflected by the 
fonowphare ? 
(a). 100 (bh) d.= 7.6m is 
(c) Ke him (d)) 2 2.6m, 
43. A Inver beam in used for locating distony 
objects because 
Fig. 6 (a) it is monochromatic ‘ 
(av AND (b) NOR , OV itis cohorant (c) it is not absorbed 
(JOR (W) NAND, (1) ithas eal) angular spread. : 
35. 10 cm is a wavelength corresponding to 44 ane barrier potential in a semiconductor 
the spectrum of iode offers opposition to only 
(a) Infrasred rays (b) Ultraviolet rays fa) mileriti-carriere'in Nirgion 
lchiNifece waren tay Sexi (0) majority earriers in P region 
3G. The atmosphere of earth is richestin bee pl oy ener bi ae Tere 
(a) Ultraviolet rays (b) Infra-red rays ve . ; minor hea oa 
" Me nen an im i} Is dintoan i \* 
(ce) X-rays (Cd) y-rays. sic Salen isting the candactivly ofthe 
AT Laser beams are used to measure long dis- semiconductar 
tances because (a) increases: (b) decreases 
(a they nee monochromntic (c) remains the same (ed) becomes zero. 
(yithey.are highly polarised 46. Acapacitoris to be used to provide smooth- 
(c) they are coherent ing fora half wave rectifier. In which of 
id) they have high de the following diagrams is capacitor cor- 
38. Ifantimony rectly connected ? 
rial will be : 
(a) N-type semiconductor [' 
(b) P-type semiconductor = Load Load 
(c) Conductor (cd) Insulator. 
39. Power gain is maximum in (a) (b) 
(a) common base (b) common emitter 
te) cominon collector (¢!) Same for all. faa 
40. If input are 
A=0 B=0; rr) 
A=0 B=), i 
Load Load 


(d) (c) 


Ta 


47 


pre SAI OSECH 


vy? 
yanee eecUtier vith 
a wmuothing. en 


pacitar. 

The currents Sy 
aud Ly vary with 
time ai shawn 
below. Which of 
the graphs a@ =e 
host raprenents 
the variation with 
game el the current 


0 
t 
NN ap 
Le 
¢ 
Fin. 10 
ty 
je Pr 
Ln 
o WW h 
lea 
. hy a 
ha 


0 
(c) 
* 
0 Zero at all ines 
r 8 
(dy * 
yy ; 
49, 
0 
t 
te) 
Figo 11 


ie 
2 
Fig.12 
Which setot, 
Of diograms sh 
Most accurately ? mene hte, 
Sol crog C10d 


AN Lm 
oD yy 
ALN 


o\f\, An. = 
Fig. 13 
faa OB 


tC (di D. 


Tron and silicon wires are heated from 

30°C t0.50°C, Thecorrect statement is that 

fa) Resistance of both wires increases 

(b) Resistance ef both wires decreases 

fe) Resistance of ston wire mnereascsand that 
of silicon wire decreases 


all 
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5)? 


(d) Resistance of iron wire decreases and that 
of silicon Wire increases 
50. The electrical resistance of the following 
y : i srature P 
decreases with rise in temperat aiek = 
(a) Metals (b) Semieonductors 


(c) Gold (d) Constantan. 
Fig. 17 


(a)5A (6)2A 
(c)A (d) Zero A. 


Which of the following is not analogue 


51. Fig. 14 shows a 
bridge rectifier 
with a sinusoidal 
alternating volt- 
age applied to it, signal ? 
the output ter- . 
minals P and Q — t 
being joined to- Fi M 

ue 14 
gether by a load — . | > 
resistor. : @ ® 
If the diode X were removed Icaving a ae 
break in the circuit, which trace would be t 
seen on a cathode-ray oscilloscope con- = 
nected across PQ? te J : 


, a (/YYY\ wh\f\ Fig. 18 


(c) (d) 56. Which of the following is the logic symbol 
NPG of NAND Gate? 


Fig. 15 : ; 
52. A semiconductor device is connected in a —)>- fo}. 
(a) () 


a 
a 


+—<-—> 


<> 


_— 


series circuit with a battery and a resist- 
ance. A current is found to pass through 
the circuit. If the polarity of the battery is : 
reversed, the current drops almost to zero. “fT } 
The device may be : 

‘ . @ @ 
(a) A P-type semiconductor 
(b) An N-type semiconductor : 
(c) A P-N junction 57. Name the basic gate represented by the . 


(d) An instrinsic semiconductor. following 


In Fig. 16, the input is 8 
across the terminals A . —} >} 


Fig. 19: 


a 
a 


and C and the output A ° 

~> isacross Band D. Then iG 4 Fig. 20 \ 
the output is (a) OR gate (b) EOR gate 
zero - D ‘(c) NOR gate (d) NOT gate. 

sane as the input 58. 
Sine : t - 
teil cave seelunca Fig. 16 5 hs he gate represented by the follow 
(d) half-wave rectified. . 
. : Permanently 
‘ 54. In Fig. 17, the current through.the resis- high 
tor is practically ' . 
Fig. 21 
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14. 


(a NOT gate 
AY NOH got 
HOP N AND) gate 


(HY OR gate 
(AND grate 


Reverse bias applied toa junction diode 
te) lowers the patential barrier 

Ab) raises the potential barier 

(o) increases the mayority carrier current 


(2) increases the minority carrier current. 


In an clectromagnetic wave, the E and 3 
vectors ait any instant of time have 

(a) same phase (L) saine amplitude 
~(c) phase difference & (a) phase difference 2. 
A long straight wire of resistance R, ra- 
diusa and length / carries a constant cur- 
reat I The Poynting vector for the wire 
will be 


i in? 


tah; (by — 


f al * 
PR 


(d) 


anal 

Frequency of an electromagnetic wave is 
10 MHz. Then its wavelength is 

(0) 30m (01300 m 

(3m (d) None of the above, 
What should be height of transmitting 
antenna if the T.V, telecast is to cover a 
radius of 126 km? 
(a) 1560 m 

() 1050 in 

The arca to be covered for T.V. teleca 
doubled. Then the height of transmitting 
antenna (T.V. tower) will have to be 

(a) doubled (b) halved 

() quardupled (d) kept unchanged, 


(6) 2280 m 
(79m. 


is 


Apuarallel plate capacitor is being charged. 
Ifi, denotes conduction current in the con- 
necting wires andi, the displacement cur- 
rentacross the area in the region between 
the plates, then 


(nd ny =a, (bya, 24, 


tehig <a, (iy 21, 
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7. 


71. 


78. 


79. 


z 


Which of the following gives three Tepiong 
af the electromagnetic spectrum in order 
of inercasing wavelength ? 

(a) gana rays, microwaves, visible radiation 
(ti) radio waves, ultraviolet, X-rays 

(c) ullraviolct, infra-red, microwaves 

id) visible radiation, gamma rays, radio waves, 
Ultra-violet rays differ from X-rays in that 
ultraviulel rays 

(a) cannol be diffracted 

(b) cannot be polarised A 

(c) do not affect a photographic plate 

(d) have a lower frequency 


(c) are deviated when they pass through a mag. 
netic field. 


Which onc of the following could be the 
frequency of ultraviolet radiation ? 

(a) 1.0 10° Hz (b) 1.0 x 10° Hz 

(c) 1.0 x. 10" Ha (4) 1,0 « 10" Hz 

(e) 1.0 « 10" Hz, 

The metre was defined in terms of the 
wavelength 4 of the orange spectral line 
cmitted by excited atoms of Krypton-86, 
Thus 1 metre =A, wherea is the numbor 
of wavelengths in 1 metre of vacuum, 
What is the best value for a? 

(a) 1.43 x 10! (0) 1.65 x 10% 

(c) 2.00 x 10% (d) 3.33 x 10", 
Ultra-violct rays differ from X-rays in that 
they 

(a) cannot be diffracted 

(6) cannot be polarised, 

(c) have a lower frequency 


(d) are deviated when they pass through a 
magnetic field 


(c) do not affect a photographic plate. 

Which of the following frequency ranges 
includes most of the electromagnetic 
waves emitted by the ultra-violet tubes 
used in 2 sunbed 7 

(a) 5 © 10% to 5 x LO" Hz 

(b)5 x 10% to 5 x 10"! Hz 

(0) 5» 10"! to» 10" He 

(115 x 10" to 5 x 107 Hz 

(ob 5 x 10"7 to. x 102" Hz. 


quips ANA SEMICONDUCTOR DEVICES, 44 Thom, 
san AGH 


Questions for Self Assessment 


Indicate the correct choice among the 


: follorein, 
What is the current flowing in R ; R Optio, 
: circuit shown in Fig. 25, Given n een, ae 
QandR,=1ka 1 
Ry 
10V sv RA, 
Fig. 25 
(a)OmA ()5mA 
(c) 10 mA (d) 15m A, 
< . (2s. 
2. Follewine dieeram performs the logic ue 2 
i ' toma 
funetion'ol (211.0 x 108 ae 
; (2125 © 10% ptomaten! 
5. Ni ° 
Y jame the gate Topresente, 
: p ye . . id by the e 
Py nation of gates shown in Fig 23 
Fig. 26 
(a) AND gate (6) NAND gate 
(c) OR gate (d) XOR gate, 


3. Thecircuit diagram (Fig. 27) shows “ogie 
combination’ with the states of outputs X, 
¥ and Z given for inputs P, Q, Rand S all 


at state 1 (i.e. high). When inputs PandR Fig 
change to state 0 (i.c. low) with inputs Q (c) OR (8) AND 
and S still at 1, the condition of outputs () NAND (NOR 


shown in 
bination of 


Input wavelorms A and B 


xX,Y and Z changes to * 6, 
. ‘ Fig. 29 are applied to the 


P(t) gates as shown in Fig. 28. Which of the 
waveforms shown in Fig.30 to 33 correctly 
Q(t) represents the output waveform ? 
; (0) 
(1) : 
(1) 


Fig.29 


——_—— 
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Fig. 31 


(a) Fig.30 (b) Fig. 31 
(OF (d) Fig, 33. 

Tn the case of forward biasing of P-N june- 
tion, Which one of the following figures cor- 


+ Fectly depicts the direction of flow of car- 


tiers ? 


10. 


11, 


(d) 


Fig. 34 


A common emitter amplitier is designed 


withn-p-n transistor (a = 0.99). The input 
impedence is 1 kQ and lond is 10 KQ. The 
voltage gain will be 
(a) 9.9 (b) 99 
(c) 990 (d) 9900. 
The current gain af a transistor in com- 
mon base mode is 0.9.-In order to change 
the emitter current by 5 mA, the required 
change in collector current will be 
(a) 4 mA® (b) 4.5 mA. 
(ce) 5.6 mA (d) 0 mA. 
In Fig. 43 the current supplicd by the bat- 
tery is m 
(a) 0.14 (b)0.2A 
(OBA (0.4 AL 
~202 
——H 
Fig. 35 
In order to obtain an output Y = 1 from 
the circuit of Fig. 36, the inputs must be 
a 
8 
‘y 
c 
Fig. 36 
A B Cc 
(o) 0 1 0 
() 1 0 0 
(ce) 1 0 1 
(d) 1 1 0 


soLIDS AND SEMICONDUCTOR DEVICES, 


12. 


4. 


* them is 


Which of the 
followingisthe A 
output of the 

combination of g 
gates sho-wn 


in Fig. 37? : 
(@A+A.B Fig. 37 
(A+A4B 

tA.A.B (MALASR. 


In the transistor circuit shown here, the 
emitter, collector and base currents are], 
I, and I, res- ‘ 
pectively. The 
correct rela- 
tion between 


(al, >1>1, 
Wishes 
(Ih, <1 <, 
(d)I.<l,<l,. 


Figg. 28 


With reference to A 

Fig. 39, which of the 

following is possi- 

ble? B « 


B=, 
(A= 1,B=0, 
()A=1,Bs 


Name the Gate represented by the follow- 
ing circuit, 


Fig. 39 


x . 
A : 
Y 
Fig. 40 

(2) OR gate (b) XOR gate 

(C) AND gate (d) NAND gate. | 
The binary equivalent of 200 is 

9) 1100 (b)11001* 

©) 1oo10 {d) 11001000. 


1, i # 
Mentity the gate from the following 


os 


ELUTROMAGN ENE | 


(a) circuit 1 and circuit 2 
(6) circuit 2 and circuit 3 
(cl circuit 3 and circuit 1 
(d) circuit } only. 


ae 


Cireut 3 s 


Fig. 42 

‘ ‘ : 
19. A full wave rectifier along with the ou! 
putisshown in Fig. 43. The contribution(s) 
from the diede 1 are 


Fig. 43 
c (BAC 
oF x (d)A,B, C.D. 
toB, 
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20. Asinusoidal volt- -——p}-—__ 
age of rms valuc [ 
200 volt is cun- 


nected to the di- 
* ode and 
Cin the circust 


shown 


volt across C is 
(an) 500 (hy 200 
(yal 


21. In P-N junction diode, the reverse satura- 
tion current is 10% A at 27°C, The forward 
current for a voltage of 0.2 volt is 
(a) 2047.6 10° A (0) 208.76 x 107A 
(co) 20.376 x 10-8 A Ad 6 10 A, 
lexp (7.62) = 2038.6, K = La x 10" IK 


22. Refer to the cir- 
cuit of Fig. 45. { [Nn] e | 
poe 


The base as left 
Fig. 45 


teh 2ST 


unconnected, In 
which direction 
would the cur- 
rent flow ? 


(a) From emitter 
to collector 


(6) From collector to emitter 
(c) The current would not flow 
(d) Data is not adequate. 


23, The diagrams below represent two-input 
NOR, AND and NAND lofic gates. 


x xX 
~) sina | rie 
sd ¥ 


NOR 


NAND 
Fig. 46 


If the inputs X and Y are at logic Oand 1 
respectively, which one of the following 
kives the correct output state of cach of 
the three gates ? ‘ 
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25. 


26. 


27, 


hiectivg) 

NOR gate AND gate NAND gate 
a) 0 0 1 
(b) 1 0 1 
() 0 L 0 
0 “0 0 
tc) 0 1 1 


A moving-coil ammeter is to be Adapted 
to detect small alternating currents 
Which ofthe diagrams shows how a digg, 
could be connected in order to make the 
conversion ? 


Fig. 47 
Which of the following is not correct 7 
@)A.B=A+B (6) AaB =A.B 


(A.B) (A.B) = AB + AB 
(T4721 


Ina triode, g,, = 2 « 10% ohm, p = 42, 
resistance inad R = 50 kilo ohm. The volt- 
age amplification obtained from this triode 
will be 

(a) 30.42 {b) 29.58 

(c) 28,18 (d) 27,15. 


Identify the logic gate from the following 
truth table. 


A‘ By | 
i} 0 0 

ee 
1 of 1 
1 1 fo Ff 


| av¥-ArB 


WOK 


AND 
tae WXOK 


(c) NAND 


cthe Boolean A 

hat is the I j 

oH. ein for the logic a] » 
eae shown? fA 
myeh* KB Fig. a5 
wyeaed 


WY =o, 


he following configuration of pate 
equivalent ww 


Sis 


| NAND 
Fig. 19 

ta) NAND )xXOR + 

| (c) OR () None of these, ‘ 
30. In the circuit 

q shown, the 

base current is 

pm wA, The 

value of Ry is 

{a) 3k 

(b) 30 AQ 

Ae) 300 ko 


Fig. 50 


(d)3 x 10" ka. 
31, Ina transistor f = 100, The valuc of ris 
(a) 0,01 (b) 0.1 
(e) 0,99 (dy. 
32, Given V,, = 50 mV. Two amplifiers are con- 
nected as shown. The value of V, is 
(a)OV . ()10V 
(c) 200 V * (dh) 2% 108 V. 


Fig. 51 


33, Fig. 60 shows 0 piece of semiconductor 


‘pure one) S in series with a variable re- 


SOMe Way inside = 
ea h avin two Pes 
‘nal terminals, Wh, i 

ference Vol ivis apa, eld 
Fontiatdiferenceis reversed, eet 

Orward resistance and diode regi ae 
an Tsistance 
()400, 209 


(140.0 and 40 


(00,0 (6.3, 120, 


35. Assume that the 
silicon diode in [5 +—D 

: the circuit re. 
Wires a mini. 
mum current of 1 

™ A to be above 
the kace point 
(0.7 V) of L-V characteristics, Also assume 
that the voltage across the diode is inde 
pendent of current above the knee point. 
IfV,,=5 V, then.the masimum value ofR 

so that the voltage is above the knee 


Fig. 34 


point is 
(a)4.3ko (2kQ 
(1 Q (0. 


96, In Fig. 63, the rms valug uf input is 20 ¥. 
‘The transformation ratiois 1:2. Thepeak 
value ofthe vzitage applied ta te diodes is 
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Al. Identify the GATE in the Fig, 68 
t3 = 
fy 
Fis wh Fig. 68 
(ay 20 (6) 20 V3 pees Ht nit 
(c) ND. 
402 Vv (d) BODY. fi 
e tern V av R0/2V 42, Identify the Gate in Fig, 69 
x 
. 
¥ 
j Zz 
ig, 56 
“Identify th wr 1 ae 
lentify the xnte in box 
(a) AND (b) NOR 1 AND. OR 
(c) NOT (d) NAND. 
(co) NOT (qd) FOR. Cesar peas 
: é aS 43. Refer to the circuit shown in Fig. 60. What 
38. Identify the gate in box IT inputs X and Y will produce a high output 
(MOR (bY NOR atR? é 
(ce) FOR (AND. 
39. Identify the gate in box Nts 
(a)OR (6) NOR 
(c) EOR (dd) AND. 
40. A sinusoidal : 
voltage of peak Dioda 


valuc 200 volt is 
connected to a 
diode and resis- 
tor R in the cir- 
cuit shown so 
that half wave 


200 Volt 


Peak value 


Fig. 57 


rectification occurs. If the forward resist- 


+ ance of the diode is nogligible compared 
lo Kt, the rms voltage across R is 


\a) 200 (b) 100 
100 
te) (d) 283, 
ff ; 


Fig. GO 


()X=0, Ye Ou. 
()X=0, Y=1 

44. How mony NAND gates ‘are required to y 
make an OR gate ? * . 
(a)3 (016 
(c)7 (d)8. 


45. What is the Boolean equation of the net- 
work in Fig. 617 


(b)X=1, Y=1 
(QX=1, Y=0. 


on o> 


Fig. 61 


AT. 


py SUMICOMDUCTON DEVICES HLTH AG se 
Tie 


(WA HED 


ABCD 
ae eceD WH AB eC 
c 
1 Gate in Fig 62 

gp, Hemtity the Gate in Big be, 

— 

Fig. 62 

(a) AND (b) XOR 

(NOR (d) NAND, é Si, 

What is the output in Fig. 63 27 


—sagl 


Fig. 63 


(a) A.B () A.B 
(A.B. 


52, 
Fig. G4 
eer ‘ z 53. 
Which single gate is equivalent tothenct: . 
work ? 
(a) EX-NOR (6) NOR 
(ce) EX-OR ’ (MOR, 


49. For the given combination of gates, if the 
logic states of inputs A, B, C are as fol- 
lowsA=B=C=0 and A=B=1,C= 
0 then the logic states of output D are 


54, 


19 
ho thin, 
Arsumin, Ma 
hat ep, “4 
m0 het, the “at 
GEA thugs iit 
the dice rf " 
(a) wero Te al 
(OVD ma, | “4 
(C19 my * 
(1.30 ana, Peg ? 
u 
The diagram thews a 
RIE reteaet 
Fig.67 

Which sing! is equi 

at 8 PBateis cquivatenten the nt. 
(a) AND 

(Nor a a 
(EX.OR 

its distance between the body centered 
atom and a corner ato; i 

125 1M in sodium (9 = 
(a) 3.66.4 (317A 

()2.99 A (asa 

The diode used in osy 
the circuit shown 


in the figure has’ | 4 
constant volt. | ! 

age drop of 0.5 V 18V 

at all currents 

and a maximum Fig. 69 
Power rating of 

100 milliwatt. What should be the value 
of the resistor R, connected in series with 
the diode, for obtaining maximum cur- 
rent? 

(ay15a (650 

(esta =; 14)2000 


|. Afull wave re ex cireit slong with the 


input and output voltages is shown in the 
figure j 
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Input 
Vollage 


Fig. 69 


The contribution to output voltage fram 
diode-2 is 

(ay a.Cc 

(co) B,C 

55. The diagram 

shows the rclation- 
ship between the 
energy of cicctro- 
magnetic radiation 
and the wave- 
length cf the waves. 
Which of the fol- 
lowing has the low- 
est energy ? 
(a) infre-red 


(ec) microwaves 


(6) B.D 
(aD. 


anergy 


Wavelength 
Fig. 70 


(b) ultra-violet 
(d) X-rays. 
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— 


5G. The table shows the wavelengths of clec. 
tromagnetic waves in various parts of the 
spectrum. 
For which line in the table is X in the 
ultraviolet region and Y in the microwave 
region of the spectrum? 


57. In an clectric circuit, there is a capacitor 
of reactance 100 Q connected across the 
source of 220 V. Thedisplacement current 


will be 
(a)2.2A (b)0.22A 
(c)4.2A (d)24 A. 


58. Which one of the following summarises the 
change in wave characteristics on going 
from infra-red to X-rays in the electro- 
magnetic spectrum ? 


wavelength speed 
[requency (ine vacuum) (ina vacuum) 
(a)decreases increases decreases 
(b) decreases increases remainsconstant 
(c) remains decreases decreasec 
constant 
(d)increases decreases remains constant 
increases increases 


(c) increases 
2 


if 


27. 


” 
oul we 


—— Answers/Explanations 
—_—=_ 


Multiple Choice Questions, 


J Sel ected 
i tion. 
tual informa’ 
(a) Fae! 


A tion. 
ual informa - 
) saat the given emwaves, radio waves 
@) vhe longest wavelength and X-rays 
¢ aimum wavelength, 
1 information. 


ducts properly only when for- 


have 
(d) Factoe 
(a) Diode con 


biased. 
ae intrinsic semiconductor, the number 


of free electrons is equal lo the number of 
beret information. 
(a) Factual information. 
(b) Factual information. 

(a) Factual information. 

(b) Arsenic is'pentavalent, 

(b) Since the contribution of the body-cen- 
tred atom is full therefore the number of 
atoms in 8 unitce is 2 

(b) Factual information. 

(a) Factual information. 


(a) Factual information. 


. Oscillator generates tadio waves of con- 
e. 


stant amplitu' 
(d) Atomic packing factor in bee lattice is 


wi 
8. 


. (6) Factual information. 
. (a) Factual information, 


(d) Electromagnetic waves Lravelin vacuum 


1 
ata speed of Ito € To ‘ 


(a) Maximum frequency, minimum wave- 
length. 


- (c) Note that if P-side is negative, the PN 


junction diode is reverse-biased. 


. (a) When an intrinsic semiconductor is 


doped with pentavalent impurity. we get 
n-type semiconductor. 


(6) Factual information. * 


(6) Factual information. 


(d) Factual information. 
(8) Pactual information. 


33 
= (c) Factual informati 
9. (a) actual information 
30. (a) Factual information 
31. (a) Factual information, 
32. (eyp-—t_-_998 _ 099 
~@ 1-055 * 993749. 
33. OvIre Section its negative volt 
Junction diode gets reverse bay Oe 
34. (a) Factual information ; 
35. (c) Factual information 
36. (b) Factual information. 
37. (d) Laser beams are highly i 
38. (a) Antimony is ve 


Pentavalent impurj 
39. (b) Factual information, ” 


© ofaTe ep 
‘pepe o rey 

Lot Tepe 

(a) Factual information, 

42, (b) Factual information, 


43. (d) Factual information, 

44. (c) Barrier potential o movemen 
of rrajesty Charge an ‘ 

45. (a) There is a considerable change in the 
electrical Properties due to the addition of 
impurity. 

46. 


(d) Only circuit (d) gives the correct crnnece 
tion of the capacitor to the half-wave recti- 
fier to provide smoothing of the half-wave 
rectified waveform. Withcut the capacitor, 
the half-wave rectifier is connected as shown. 
‘The output waveform is attached next toit, 


nod Outed at oad 
i th p bay 
; rt #0 n 


Fig.71 s 
: mooth out the waveform, the expadtcr 
eso be caneted yal a tele a 
shown below. ‘ 


~ sisi 
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Output al load 


Fig. 72 
During the positive cycle, the capagitor is 
charged to the peak value of the applied a.c. 
voltage and then is discharged through R 
when the applicd voltage begins to decrease. 
The discharge takes place slowly because of 
the large time-constant RC, and then C 
+ becomes charged to the peak value of the 
voltage again. The charge-discharge process 
takes place continuously and so the voltage 
across the C — R combination is a ‘ripple’ 
voltage as shown disgrammatically above. 
With the C — R arrangement, the average 
dic. voltage is nearly equal to the peak 
voltage value, which is better, and so this 
removes (filters) the voltage variation. 

47. (e) By Kirchoff 's second Jaw, the total cur- 
rent entering a node is cqual to the total 
current leaving the node. Thus, we may write 

I,+1,=1, or 1,=1,-1, 
Given the graphs of currents I, and J, the 
graph current I, with respect to time is ob- 
tained by subtracting the value of current 
at cach point on the curve far I, from the 
value of current at each’ point on the curve 
for I, from the value of current at correspond- 
ing point on the curve for I,. Thus 


Fig. 73 


48. (ey Circuit 1 is a half-wave rectifier while 
Circuit 3 is a full-wave rectifier. The capacitor 


61. (d) 


in cireuit 2 in uscd to smoathen the output 
of the half-wave rectification. 

49. (c) and 60. (6) Temperature coefficient of 
resistange of metals is positive while that of 
semiconductors is negative, 


G1. (b) The height of 
trace will only 
appear during 
one half of each 
cycle of the in- 
put sinusoidal 
voltage. i.e. it be- 
comes 2 hall- 
wave rectifier. 

62. (c) When PN junction is reverse-binsed, 
there is practically no low of current. 


Fig. 74 


63. (c) The given question is based on “Bridge 
Rectifier”. This is the most widely used full 
wave rectifier. It makes use of four diodes 
D,, Dy D3, D, connected in the four arms of 
a bridge. 


'® Bridge rectifier does not require a 

‘centre-tapped transformer. It has 
several advantages over full wave 
rectifier. 


64. (d) PN junction is reverse-biased. 
55. (d) 


56. (c) 
57. (d) 
58. (d) 
69. (c) B= 
= Ale ; 
60. (a)B=27* or Al, = fil = 80 x 250A. 
pe—%-09_ 09. 


> a 


66. 


67. 
68. 


69. 
70. 


mM 


72. 


73. 


aor Me =~ 7 45 aa 
nyo" th 4510 


fobility, # = oe 
f as unit is (m -!) mV-! of més“! V1, 
10» 


jor potential depends upon tem- 
The Ptorward bias and doping density. 
Per nink in terms of potential barrier, 
a In Fig y, donor levels are shown. This is 
( ; 


type semiconductor. 
nei “., acceptor levels are shown. This is 
n Fig. 2 


erniconductor, 
uRy 98x 1x 10° 
ig PO EE 
(d) +R, ~ 110° + 600 


truth table of the resulting logic cir- 
onnecting X to Y is as follows 


Ss 


= 98. 


(e) The 
cuit bye 


Fig. 76 

Hence, from the truth table, the combina- 
tion is equivalent toa single NAND gate. 
(OR X isan AND gate and Y is a NOT gate, 


thus the combination is a NOT AND gate, 


ie. a NAND gate) 

(b) Reverse bias opposcs the movement of 
majority charge carricrs. 

(a) Amplitudes different, E and B in phase, 


_ Hol 
@ Bea 
vIn 
=f 
aR vol 1 PR 
tL 2na tp) 2rall* 
(a) 


(b) Height of @ansmitting antenna 
_d@? . (12x10? 

= OR ~ 2x6400% 10° ~ 1260™. 

Is 


x 


si Fg 10% ™ (a) 4, es $35 


So, Awh, 


76. (a) 


71. 


Fig. 77 


(d) Both ultra-violet 

Tays a e 
electromagnetic waves fotane id are 
wave properties. sad 


+ Wavelength of ultra-violets rays is 10-2 to 


78. 


79. 
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10* m, whereas w; 
the order 16-10 VC e8StH of stayin of 


Wavelength is inverse} 

ly proporti 
wave frequency and hence Wank 
lower frequency than that of X-rays. 
(d) Ultraviolet radiation has its waveleng? 
Aatthe order of 10"? m. Hence, its frequ es 
is of the order given by “7, 


tr c_3x10° 


23108 
Le. of the order of 10! Hz 


x 107 
(6) The best value for the wavelength of or- 
ange spectral line isk = 610 nm 


Therefore, n - is Hox Tu = 155x110 

(c) When comparing ultra-violet rays to X- 

rays, we sce that 

(a) both ultra-violet rays and X-rays can be 
diffracted 

(b) ulra-violet rays can be polarised (progres 


sive wave) 


portum Compennve Physics (Objective) 


(ed ultrasolet rays have a lower frequency 


raysare not deviated when they 
a macnetic ficld 


pase thro 


(eultrasistet rays do affect a» photographic 
plate 


iu | Questions for Self Assessment 


1, (b) Voltage across R= 5 V 
5 
1=—— 
mios 

T=5x 109 A=5mA. 

2 (a) Y=A_B 
Y=A.B Y=A.B=A.B 

So, the given network performs the logic 
function of AND gate. 


3. (c) The following arguments shall help us 
to armve at the night choice. 


(i) AND gate shall not respond to zero in- 
put. 


(iz) Since R is zero and Sis 1 therefore NOR 
gate gives zero. NOT gives'I' correspond- 
ing to 0 


(12) NOR gate would not respond to 0 and 1. 


4. (e) For 5 x 107 silicon atoms, 1 atom of 


indium is required. 1 m3(= 10° em?) contains 
5 « 10* silicon atoms 

So, 1 cm? contains 5 « 10” silicon atoms 
Number of acceptor atoms 


(c) 
(c) Work out the problem by looking at the 
truth table of NAND gate. 

(6) In forward biasing, the majority carriers 
move towards the junction. 

(c) Voltage gain : 

= current gain x Resistance gain 


Now, f= 4 = _088__ 0.99 


“T=a 1-099 = 001 > 
Again, voltage Bain 


Bl. (d) A chart of the electromagnetic spectrum 
is given below, 
latrared 
ALA Setase wstle Lay 
TEs ene: IGN | Uva voit Gera, 
io + + + +t “ Frva ve 
seo Seto’) Seto" os¥t0 set0 Seto 
Fig. 78 
9. (b) a=09 
al 
Mp 702 oF SIg= 09x Ay 
=0.9«5mA=4.5 mA. 

10. (a) The lower branch has reverse-biased PN 
junction diode. So, there is practically no Now 
of current. 

Ne I ce 
ow, = 20 
We (ec) = A+Bez1 
C=1 
So, AND gate responds. 
12. (a) The output of AND gate is A. B. Now, 
perform OR operation on A and A. B. 
13. (b) Lelaly: 
Also, I, close to I, 
: T,>1.>1, 
14, (d) The output of both AND gates will be 
zero. So, OR gate does not respond. 
15. 


(6) Output of OR gate is A + B. Output of 
NAND gate is A.B. 


Now, = Y=(A+B).A.B 
=(A+B).(A +B) 
If A=1landB=1, then 
A+Be=1 
and A+B =0 
So, Y=0 : 
If A=0 and B=0,then 
Y=0 
If A=1 and B=0,then 
A+ Bgives1 
: A+B gives] 
So, Yel 


ie 
| 


MICONDUCTOR DEVICES, ELECTROMAGNETIC 
tu \s 
AND 5 


Oand B 
1 


tne gives combination is XOR gate. 
So, 


If 


» 200 


Writing the remainders in the reverse order, 
we get 


100109000. 
2 @ “Single input” not acceptable. 


(c) Look at circuit 1 in terms of forward bi- 
a asing. Look at circuit 3 in terms of reverse 
biasing. 


1. The diodes ir 


So can be eliminated, ements ta 


triangle of the symbol te which th 


: is pointing. 
19. (c) For the first half cycle, the upper diode 25. (a) (a) 
” gonducts and the lower diode does not con- 
duct. The output A is duc to the upper diode - (b) 


only. For the second half, the upper diode 
does not conduct. Only the lower diode con- 


OCR. 
ducts. So, the output B is due to the lower {A-B).(A.B) =A.B+A.BeABs Az 


-diode. Similarly, the output C is due to up- @ 0+0=0 
per diode and the output D is due to lower Clearly, (d) is incorrect 
diode. 26. 00) wares, 


20. (c) A junction diode conducts during 
alternate half cycles.of AC input supply. 42 
During a half cycle of conduction, the = Qxlow fF 1 Fale le 
capacitor will charge itself to peak value of 


p 
supply voltage. re pRy 7 42x 50x10? 
AST, ORL > Bix) 5x1 


42=r, 222109 


Now, 
Voltage across capacitor 


=E,,,, V2 *200 x V2 V = 282.8 V ~ 283. 


w 
21. (c) tat" =| 
ie" = i] -rosfennrr=] 


jAbsop =r, ha” 


Here, jis ampliaioa fir 

| plate resistance and Ris oud rst 
ance. Also, £., represents tar 
ductance. 


2 a 
= 10 |: @ | = 10-5 (2038.6 - 1) 


= 20.376 x 109 A. 
22. (e) f 
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30. 


31. 


32. 
33. 


34. 
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a0 eS —e 


(d) 

{e) 

(6) Output of G- Ae 
Output of G, = AN 
Output ofG, 


e(AeD) ATH ASD) (As DD) 
Ir A= land = 1. then 
Aelel 
A-p=0 


So, output is zero 


If A = OandB = 0, ther 
A+N=0 : 36. 
Keeletet 
So, output is zero. 36. 
Ir A= land B =0, then 
A+TB=1 
A+ =04121 
So, output is 1. 
If A=OundI=1 
A+Bel 
A+i=1 
So, output is 1. 
Clearly, the given combination is XOR gate. 37, 
‘ 
(ce) R= neat =3x10°=300k2. 38. 
a 
le) f\= Toa oF B-fa sur 
or fhe14+(a 
(s 100 100- 
or Te” Te 100 yor 7 299- 
(8) V,, = 50 « 10-1 x 20 x 10 volt = 10 volt. 


(6) Note that the drift velocity in 
semiconductors is affected by an increase in 
temperature in the same way as in metals 
te. reduced due to an increase in the number 
of collisions with the lattice ions, which 
vibrate with greater amplitude at a higher 
temperature. ‘ 

(6) Whena diodcis reverse-biased, the diode 
does not conduct. So, if the resistor and diode 
arein serics, then the current should be zero 
in one of the two given cases. But this is not 
the case. So, clearly, the two are connected 


in parallel. Clearly, 1 = 25 mA corresponds 
to reverse — biasing. 


Vv 1000 ; 
Now, Bx lA gp 2400 
Again, 1=50mA 


Now, current shall flow through the diode 
also because dinde is forward-bianed, 

ICR, is the combined resistance of diode and 
resistor. then 


R, =, , 1000 
P80 10° 60 


Clearly, it is a parallel combination of 40.Q 
and 40.9. 


Q=20 


(-O7V 43 
(a) R= Typd = ppv #43 109A 
= 4.3 kQ. 


(c) Letu, be the peak value of the input volt- 
age and v,,,, its rms value. 


Up 
Then, Unms= Je OF vy = 2 Ung 


= 20 /2 V. 
Since the input is applied to the diodes via a 
step-up transformer of ratio 1 ; 2 therefore 
the peak valuc V, of the voltage applied to 
the diodes is 


Vo = 20V2 x2V=40 J2 V 
(c) When both the inputs of a NAND gate 
are tied together, we get a NOT gate. 
(a) and 39 (d). 


Looking at A, Band Y’, we find that the gate 
in box Il is OR gate. Again, looking at Y’, B 
and Y, we find that gate in box III is AND 
gate. 


| 
| 
| 


ani > ~ es 
sours find the rms valuc of rectified cu 425, ita} 
us 
(plat 
0. . : 
40 ent 2g ful +f Pree 
Fane BT = Jo TI 
nly half wave is rectified, 
gince 
Lee 20 = 
TH TI2 9 + Noa, 
2 RT = j 1° Mule 
rme lo 
TI2 . _ 
20.2 
17, RT = { Ip” sin? uz Rade 
‘ 2, 
RT = 1? R is sin” (dt 
or rms 
or Pm BT = IPR 
(; (oie cos an at) 
240 
RT 
or Pa RT = a xT ge 
Eo 
similarly, Epps = 7a 
200 
Enms = av = 100V, 
ai. (b) 


Q 


learly, the given eo; 
AND gate. 


bination Tepresents 


Clearly, the Riven combination performs the 
Sreration of EOR gate. . 
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i 58. CL) Although infracted ha 
awave. a-red has longer waye. 
” Oe ireiten length (750 nm ta 10" nin) than X-rays tordey 
wre utravinl ray £100 pm), both travels at the speed of tight 
sh jig a! te agute'm invacuum, Hence, frequency increases from 
x10 1m Ube order of 10"* Hz to 10" Hy when going 
oxi soa ht from infra-red to X-rays in the cleetro- 
en? magnetic spectrum. 
Wea? 
gt @ : 
\ 
From th —— - 
this hotwone EX-OR gate is equivalent to 
62. (a) p= Ma \ 
. | 
Va V3 
48. ara or Or = “5 «4.295 A | 
. 1.732 x 4.225 1 ‘ 
=a A=3.66A. 
| 
z 100 iad : 
53. (by T= ONO A028 \ 
. ' 
1 r 3 
Re gga=5a. \ 
7 64. (b) . | . 
55. (c) From the diagram, we observe that the it 
49. (6) electromagnetic radiation with largest wave- { : 
length has the smallest energy, Order of the 4 , . 
A radiation in decreasing wavelength or in- ie 
creasing frequency is ; 5 ; Fi 
microwaves, infra-red, ultra-violet, X-rays. 1 
\ ’ 
D Since microwaves has the largest | 
c TAs B).G wavelength among the four, its thus has the + : 4 
SE) s lowest energy. i . “ 
Fig. 86 | 
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UNIVERSE 


IMPORTANT FACTS AND FORMULAE 


Astronomy 
deals wit 


ts Uranch of scence which 
the study of universe. 
Astronomy is observation; 


al science and 
notan experimental science 

The main source of information is em 
radiations emitted by the heavenly bod- 
es. 

Study of heavenly bodies is 


visible light () ranging from 4000 A to 
8000 A)and radiowaves (\ ranging from 1 
mm to 20 m), 


based upon 


The region of w avelengths from 1000 A to 
8000 A is called optical window range. 
The region of wavelengths from 1 mm to 
20 mis called radiowave range. 

According to Geocentric theory pro- 
posed by Grevk 
Earth 
univers 


astronomer Ptolemy, 
stationary at the centre of the 
ind all heavenly bodies includ- 
ing the Sun, Moon ete. were revolving 
around it. 


According to Heliocentric theory pro- 
posed by Copernicus, a Dutch astronomer, 


Sun is stationary and all other planets 
revolve about it. 


Universe is a limitles 
tains solar 


space which con- 
ars and galaxies, 
In order of increasing, distance from the 
Sun, the nine planets are Mercury, Venus, 
Earth, Mars, Jupiter, Saturn, Uranus, 
Neptune and Pluto. 

Star is huge-sized, self-luminous and ex- 
tremely hot heavenly object. + 


tem, 


542 


16. 


17. 


All the stars seen hy naked eye are not of 
equal brightness. Hipparchus, a Greek 
astronomer, divided naked eye stars into 
six magnitude classes, on the basis. of their 
brightness. The brightest stars wore 
placed in the first magnitude clasy, 


Faintest visible stars were put in the sixth 


magnitude class. 
(100)"8 = 2.512, 
The stars in one magnitude class are 


(100) i.e, 2.512 times more bright than 
the stars in the next magnitude class 


rightness of stars in first magmitude class 
Nrizhtness of stars in second magnitude class 
= (100)! = 2.512, 


Ifm, and my are the two magnitudes cor- 
responding to brightness values land, 
thetr 

1 pu Edad) 

+=(100) § 

' 
Comets are small picces of rock-like ma: 
terial surrounded by large amount of sub- 
stances such as water, ammonia and 
methane. These possess head and tail 
while moving past the Sun. 


Comets move around the Sun in highly 
elliptical orbits, ° 


A comet does not have any tail when it is 
far from the Sun. 


When a comet comes near the Sun, sub- 
stances like water are vaporised due to 
' 


i} 
fue Sunt, Radhration | 
heat ; ato move ow 


ovaries | 
the Soe the sun. 


f the comet 18 made of 


tor 
head o| 


material: 
Halley's cone 
is the MOS) 
rind 16.2 ye 
1986. 


ay from the diree- 
tails formed The 
rock-like 


t was predicted in 1757. It 
t popular periodic comet of pe- 
qs It last appeared in the year 


The temperature 
18 millions nf d, 
Part of the Su 


1n the interis, 


Mercury 


(i) smallest planet (ia 
(ii) fastest 
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Emportun Competitive Muyste: 


s(Objvctine) w 1s for Self Assessment 
ons 


quest 
fea Selected Multiple Choice Questions 


eet chuice among the following options (a), (b), () and (dy. 
the cor . 
Choose (he cornet answer from the four alte 


ical? 
pili : 9 Toan astro 
c rrnatives piven in eue : ch we live 1s + ean astronaut, the outer space appea 
mesatentionss fuck or the foto. phe nalesy in whe | F (a) dark bite Wie 
walaxy’ 
. 1 . nna Be Gl) none of the above. felblack (dark 
1. Which phenomenon explains the shifting a) vn brig f . | wi" galaxy” . are eee 
Al walanses teatieadh avis SUB: (9) 100 Lames berighiter (8) 10 timen brighter | feyirrer oi | following: planets is called 10. Ifthe Earth is treated as a sphere of ra 
aca bea (4 Limes brighter (€) None of thea, \ wich 0 tH dius Band mays My its anjadlar momen, 
be} Mack thet ida oulevireust ae Uailsy ‘s Sit was seen in Indin in 1986, Be oildess (h) Mercury tum about the axis of ts dienal rotation 
spss ayerevtleni sts Is expected to be visible again ; *y Vonnts ; ¥ a S$ pro - 
2. Hubble's tw states thnt the speed of re wear : sible again in the ive i Jupiter, ; with period Tis Proportional te’ 
cession of galaxy 1s proportional to tad BOE twy20g2 fey Ma the following Rave peocentric model (qy MI? 
Yee Wy Mr 2078 o 
ae u ” (e) 2072 (d) 2082 : 3 Mie universe ? feces 7 
oe a WL) Noae of these 10. According ta Motern astronomers, into . Newton (ey emate ta) Minit 
3. Which of the tullow ing indieattes that the how many constellations the whole sky ie 2 Os cehas (d) Puslemy. 2n 
eater aret edn fro Nie divided ? (c) a ity of radiation emitted by the 11. Pick out the correct statements, 
a) Neutre: att ra) ite dwarf = a 7 e 
bees i " MWe dwarf (ay 10 (b) 88 4, The ‘ha maximum value at a waver (a) The phenomenon ofexpanding univers: oun. 
oo Black hole Wf) Red shaft te) B80. (d) 5000. 1 Sun Ae of 510 nm and that emitted by the tradicts Uig-Rang theory. : 
4. Great warisa, 11. ‘The term albedo’ is related to * tent star has the maximum value at 350 Uh) A star of mass 1 times yrenter than that 
(hy Glaxy (a) the absorptive power of a planet m, If these stars behave like black bed- of the Sun ultimately collapses ts form a 
ation UD Manet, () the reflecting pawer of a planet 1 fes, then the ratio of the surface tempera- Black Hole. f 
5. cession of galaxy is proportional (c) the emissive power of a planet | ture af the Sun and the North Star is (e) Doppler effect is used to mensure the speed 
to its distance (i) the gravitational field of a planet. (a) 1AG (b) 0.69 ofectestial objets along the line of sight 
(a) directly (b) inversely ~ 12. Alight signal cannot escape from thé sur. (c) 1.21 (hOB (2) Surface temperature ofa led mar is greater 
(eV expons ily (1) none of these. : face of : « The name black hole is given because than that of Blue star. 
ee . 4 2. Whi 4 A 
6. The phenomenon by stars recede (a) neutron star (b) black hole. ° (a)it is a prt of space which has no matter 12. Which of the following has the maximum 
from each other ts explained by : (c) red giant (d) white dwarf, | (by itis completely made up of carbon time of.revohution around the Sun ? 
(a) Black Hole Theory ‘i i ‘ a Jynu 
a va k Hole Theory 13. How many stars are there in the solar sys- ) (c) its gravity is so high that it prevents even (a) Earth (b)Vgnus 
(6) Neutron Star Theory tem? | light to radiate into space. (c) Neptune (d) Plato. 
fe) White Dwarf (2) Red Shift. (a) 1 (b)2 x is a star which does not emit visible ra- 13. The value of solar constant is nearly 
7. The galaxies are moving: away from each (c) 18 (d) more than 18, Al : (a) 1488 W wv? (W)2W mvt 
other. It is explained by 14. Before Sunrise, mercury can bescen in the | 6, Milky way is {cd 4.12 Wms (1 
(a) White dwarf star (1) Red Shift direction (a) a planct of our solar system 14. What is the solar luminosity uf Sis solar 
ic) Neutron Star (d) None of these. (a) cast (6) west | (b)a Sun constant and r is the mean distance of 
8. Venushasa magnitude -4 andastar has (ec) north (d) south. | - | . (c) one of the solar systems Earth from Sun? 
+1. Venus is q : j 
(d) one of the solar galaxies ofuniv CTS, (a) $x 4a 
7. Sun radiates energy continuously and 
| maintains its brightness because (i 2 
(a) of fission obhelium into hydrogen 15, Accordingte the magnitude scale sat 
. (b) of combustion of earhon ih its core, a magnitude difference of 5 corre ee § 
j (c) of chemical reaction 7 exactly toa factor of... 19 ane 
. fe . . i y ar 
(d) of fusion of hydrogen nuclei into helium. in the amount of light energy 
| 8. Which of the planets is brightest ? the Earth. silo 
f (a) 100 
la) Mercury (b) Venus td) 1. 
! + (5 
(c) Mars. (d) Jupiter. 
— | 
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Answers/Explanations —~—_ 
: Se ; 
16. The dimensional t 


semulaoflubble’s cons % a Chey emit light ray . , 
-  stantis () They emit radioacts ee “ays . Multiple Choice Questions 
(a MELT] (Oy IMAL ty (o) They emit cand yt ays selected Wass d i 
te) IMLT*} . A the red indicates an 6. (d) Red shift : apparent decrease in 
ML (2) (MLT| ({d) They emit nothiny A shill towards tree aencys frequency, 
17 The biggest planet in wur sular system is 21, Which of the fallow in plants have rings te a) ont dgercune i free 7. (b) Apparent decrease in frequency, 
ta) Earth (6) Saturn arount it ? ta) Thubble’s law ‘Mijentes an apparaent 8. (b) Factual information. 
to) Jupiter GN Uranus, (a) Uranus by Mars Ftd) Ret aie nancy 9. (8) 10. (b) 11. (6) 
18, ce tet esi 7 _ iJ oy i rel i 
Sires temperature of the Sun is approxi- (c) Jupiter td) Saturn. egret information. 12, (b) +13. (a) “1A. (6), 
ately: 22, The universe is _ (ed pti’ : . 
on LS (b) GOO K (a) contracting (byexpanding = - 7 (a) Hubble's ss 
a i . (c) 60.000 K. (c) infinite (d) constant in size, : Solf- Assessment 
- Whatis the time taken by light in reach: telling aroun ions for Self As: re 
ing Earth trace thee By He c ; 23. Two stare creing around each other, con- wm Questio 
(a) 1 yea - 
sgt yess 1b) Light year (a) neutron stars (b) white dwarfs 1 @ ee 
oa e) Sininute (2) 8 second (c) binary system (d) black hole. i: (d) Plolemy was a Greek astronomer who gave geocentric model of the universe 
: jhe de jain is correct regard: , . 4, (b)0.695A,T)= AT, + 5s ted 6.(d) aac 8 (b) 
ack hole? - wen 10. (a) Le (be) 12. Ww 13. (a) 14. (a) 
15. (a) 16. (b) 17. (ce) 18. (c) 19. (c) 20. (d) 
sisted) 22, (b) 23, (c). 
| 
| 
\ 
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PRACTICE PAPER 1 


Each of the following 


Oikss 
idhems 


a hard surface 


-d. The ball 


for 
forse exerted by the 
ball is 


HON 
(110.3 28. 


a: 
0.015. The 
surface 
(e109 
IN 


An unloaded car moving with velocity u 
on a frie! 


in be stopped ina 
ngers and 40% to 
nd braking force remains the 


fame, the stopping distance at velocity uw 
in now 
tayl Ae th) Jt4 4 
1 
‘or MAPs (1) — 
Ti 
A particle 


moving with a uniform 
acceleration travels 24 m and 64 min first 


two consecutive intervals of 4 4 cach. Its 
initial velocity in 


San 


Questions contain fo 
Ae correct answer, 


10. 


11. 


ur alternativesout of which only one 


(ad Vimar! 


(2met 
tel Sma! 


(d) 10 m an), 
Aballis thrown from a hei 


Bht ofA Metre 
with an inital downward velocity y,_ 


hits the ground, loses half of its kigegt 


netic 
energy and bounces back to the same 
height. The value of tg is 

(a) J2gh 0) Vek 

(e) J3g% (a) (255%. 


k travelling due north at 50 km ht 
west and travels at 1! 
What is the change in vel 
(3) 50 ken ho! north-west 


he same speed, 
locity ? 


(5) S0¥2 km h+ north-west 

(0) 50 kmh"! south-west, 

(2) 50V2 km be! southwest. 

A vertical, massless and elastic spring is 
suspended from a rigid support. A sphere 
is slowly attached to the free end of the 
spring. The spherc is slowly lowered to its 
equilibrium position so that the spring 
stretches through lem. Ifthe sphere were 
allowed to fall freely, then the maximum 
stretching of the spring would have been 
(c)2cm (6)3an 

(c)4am (d)5 an. 

A stone is dropped from a height of 45 m. 
What will be the distance travelled by it 
during the last one second of its motion ? 
W=10ms 
(a) 35m 

(c) 12.5 m 


(b) 25m 
(d) 10m. 
Two forces Pand P acting ona body make 
an angle of 60° between them. Then, the 


angle between the equilibrant and one of 
the forces is 


(a) 120" 
(c) 60° 


(b) 30° 

(d) 150°, 

A motor delivers water at the rate of 100 
litre/minute from n certain pipe. If the 
power of the motor is increased x times, 


te 
cen _yentor at the Fa 
s delivers eg game pipe: 
je motor te throurl n 
then jitee/enit ju i 
of i Tg 
ae (d) 32 ; 
. 6 of a certain spring 
nent al ener ey ha distance x 15 
ore patric anadional work (in J) 
“when unt of addion? yee 
10 J The qedoncon this spring 2 se 
that mus an additional distance 
ietbeo (b) 40 
es (d) 20. 
@ 10 ile is projected witha nese me 
project yaking an angle 0 wit! e 
. ee Tl change in momentum of 
Hy ison an return to the ground will 
jecthie 
the pre’ 
0 (b) 2p sin® 
la (d) 2p. 
oes 3 ight 40 m,a 
15. From the top of a tower of heig) 


; j upwards with a speed of 
tall nee otalevation of 30°. Then 
aes ofthe total time taken by the ball 
that the ground to its time of flight is 
net (b)3:1 

sez (a) $:1. ' 
16. A particle of mass 4 kg travels with a 
" velocity of 5 ms along positive X-axis. 
~ att =0, the particle is on the positive Y- 

axis at a distance of 2 m from the origin. 
The angular momentum (in kg m* s~}) of 
the particle about the origin is 

(a) 40 (along + Z-axis) (h) 40 (along Z-axis) 

(ce) zero 


(d) 40 (along + X-axis). 
‘The magnitude of the force developed by 
raising the temperature from 0°C to 100°C 
ofthe iron bar 1.0 m long and 1 cin? cross- 
section, when it is held so that it is not 
permitted to expand or bend, is 

“(a= 10°C 4 and Y = 10" N m-?) 

(a) 10°N (b) 10" N 
(c) 10" N (d) 10" N. 
A particle of mass m is moving in acircular 
path of constant radius r such that its 
centripetal acceleration a, is varying with 
time ¢ as a, = k?rt?, where k is constant. 


The power delivered to the particle by the 
forces acting on it is 


17. 


18, 


20. 


21. 


(a) 2amkir't 


(b) mk?r7t 
(c) (mk iby 


(d) Zero. 


. Abody Moats in water, such that 0.3 of its 


volume is oustide. The relative density of 
the body is 

(a) 0.7 (b) 0.3 

(c) 0.6 (d) 7. 

A raft of wood (density = 600 kg m™) of 
mass 129 kg floats in water. How much 
weight can be put on the raft to make it 
just sink? 

(a) 120 kg (5) 200 kg 

(0) 40 kg (d) 80 kg. 

Four spheres each of mass M and radius 
Rare placed with their centres on the four 
corners of a square of side 'b". The moment 


of inertia of the system about any side of 
the square is 


8 
(c) iS MR? + MP (8) = MR? ~ 20? 
: 


{e) g MR?+4Mb?_ 0 (d) = MR? + 2MbA. 


The pressure of a gas is increased by 50€ 
at constant temperature. The decrease in 
volume will be nearest to 

(c) 66% 1b) 335 

(c) 17% (d) 83. 

The intensity of radiation emitted by the 
sun has its maximum valee at a 
wavelength of 510 nm and that emitte? 
by the North star has the macmom valze 
at350 nm. If these stars behave like black 
bodies, then the ratio of the surface 
temperatures of the sun and the North 
star is 
(a) 1.46 
(c) 1.21 


(5) 0.69 
(c) 0.83. 
The change in PE when a body of mass m 


is raised to a height nR (R = radius of 
earth) from carth’s surface is 


(a) rai =") 


nt +) 
(ce) net (d)mgk oy 


(b)amgh 


. Achamber contains a mixture of He : 


d H, gas. The ratioof root mean sa 
sed ite and H, molecules will 


— 
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29. 


30. 


31. 


SSPring st 


ve the s Pong at 


(a) 72 dyne enact 
(©) 63.35 dyne em-1 


'P) 70.80 dyne em-1 


(8) 50%, 50% 
(c) 100%, zero (d) 40%, GOR. 
A stationary object at 4°C and weighing 
3.5 kg falls from a height of 2000 m ona 
snow mountain at 0°C. Ifthe temperature 
of the object just before hitting the snow 
is O°C and the object comes to rest imme- 
diately (g = 10 m s~? and latent heat of ice 


= 3.5 x 105 J kg™), then the object will 
melt 


(a) 2 g Of ice (6) 20 g of ice 
(ec) 200 g of ige (d) 2 kg of ice. 
The intensity of sound gets reduced by 20% 
on passing through a slab. The reduction 


intensity on passage through two 
consecutive slabs is 


33. 


34, 


35. 


36. 


Atre of ty, 
AL Dositiy, 
f three 
*S equal 
(dy *9 
A body 7 2° 
a Point ones Skis executin, 
: “ith an amplit Tabout 
maximum vel u 


; © 10 
tice city is * 10 cin. Its 
"Y will be 50 eme-tgee SMS". Usvolog, 
{25cm istans 


ce of 
(MSF om * 

5 

a xe cm (109 om, 

bere Rane Fesultant Capacitance 

i isl HF. The capacitance 


Fig... 7 
32 
(2) = lL 
a) ue tt) 2 yp 
23 32 
(c) = 
©) 3g HF (d) = pF 


Two bodies M and N of equal masses are 
suspended from two separate massless 
springs of spring constants k, and ky 
respectively. If the two bodies oscillate 
vertically such that their maximum 
velocities are equal; the ratio of the 
amplitude of M to that of N is 


Ay 
(a) klk, wo yet 

Re 
(c) kk, oR ae 


A 4 UF condenser is charged to 400 V and 
then its plates arc joined through a resist- 
ance of 1 KQ. The heat produced in the 
resistance is 


(b) L285 
(a) 0.52 4. 


da proton are accelerated 
anda 


ticle jal difference from rest. The 


ti ec 
ue er inal velocities is 
ci 
(e121 
(d) 1:2. 


bottom ofa 
<p attached to the 

amassel} Ke Mrtain frequency of vibra 
sprint following mass has to be a ‘ a 
tion. | Per to reduce the frequency by 
to jt in oF 


hall (6) 2 ke 
ws (akg. - 
(ake 


‘ing light of wavelength 

33 Aine Fre Oe  feam'the earth with a 

5000 F's km S*!, Diie to Doppler-cffect, 

Hen in wavelength will be (c= 3 x 108 
the 


rs 

Ly ‘f (6)0.05 A 
“ito WIA, 
(02d i 3 


ines of force that radiate 
ny anna ans enone of charge is 
{a)9 x 10” (h) 8.85 x 10-12 
(clinfinite (el) 1.13 x 101, 
Asound wave has frequeney 500 Hz. and 
velocity 350 m s-!, What is the distance 


between the two particles having phase 
difference of 60°? 


(a) 0.7 cm 
{e) 70. em 


Ale 


(6) 12.0 em 

(d) 120.0 em, 

42, The temperature coefficient of resistance 

of wire is 0.00125°C-'. At 300 K, its 

resistance is-one ohm. The resistance of 

the wire will be 2 ohm at 

(a) 154K (h) 1100 K 

te) M00 K () W127 K. 

Asource X of unknown, frequency produces 

8 beats with a source of 250 Hz and 12 

beats with a source of 270 Hz. The fre- 

quency of source X is 

(a) 258 Hz + (b) 242 Hz 

(c) 262 Hz (d) 282 Hz, 

} Acurrent of 2.0 A passes through a cell of 
emf L.5 V having internal resistance of 
0.159. The potential difference (measured 


45. 


46, 


47. 


48. 


in volt) across both t! 
cell is 


(a) 1.35 (6) 1.50 
te) 1,00 (d) 1.20, 
An electrical cable of co; 
wire of radius 9 mm. 
5S ohm. The single copper 
is replaced by 6 different well insulated * 
copper wires each of radius 3 mm, The 

total resistance of the cable will now be 


he terminals ofthe 


pper has just one 
Its resistance is 
wire of the cable 


equal to 
(7.59 (b) 45.9, 
(e)90.2 Ll 
(d) 270.9. 


Each resistance in 
the network (Fig. 2)is 
R. The equivalent re- 
sistance between 
points P and Q is 
(aR 

()5R 

(3R 


Fig.2 


(D6 R. 


Ana-particle is moving in « magnetic field 
of (3i + 23) tesla wit 

ms", The ma, 
particle will be 
(a) zero 

(b) 3.2 « 10"? dyne in z-direction 
(ce) 3.2 « 10-1). in 2-di rection. 

(d) 3.2 x 10° in Positive z-direction, 
A battery is 


connected be- 
tween two 
Points A and 
B on the cir- 
cumference 
of a uniform 
conducting B 
Ting of radius Fig.3 
rand resi . 
ance R. One of the arcs AB of the ring sub- 
“tends an angle 0 at the centre. The value 
of the magnetic induction at the centre due 
to current in the ring is 

roportional to 2(180° — 0) 
i ety proportional to r 
(c) zero, only if @ = 180° 


h a velocity of 5 x 1087 
gnetic force acting on the 


yy A 


(d) zero for all values of 6. 
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49. 


SL. 


tions of 60° 
number of their tur; 


4 
(a) — 
fe) 2321 


S2A Copper voltamet, 


a hea 
steady cu! 


of heat 
(2)25000 5 
(0) 75,0003 


53. Susce; tibility ofa 
found to depend on tempe; 


strenith of 
terialisa 


54. Athermeoup 
nected in ser; 


. Abeater of 22 


£220 V heats a vol 
inSminutet 


the 


same volume of w 


i. 


Portum Competttve Physies (Ob 


ume of water 


ter of L1OV heats 
ater in 


ime Ahe 


is 


minute 
1) 20 minute 


tc field always has a 
POMENL except at 


(6) magnetic pole 


(2) an altitude of 60° 


$ngent ralvanom, 


in them produces deflec- 
and 45°. The ratio of the 


1s will be 


er is connected in series 


ting coil of resistance 10M A 
Frent flows int 
min. and deposits 0: 


ECE of copper is 0 


he circuit for 20 
$9 g of copper. If the 


00033 gc}, the amount 


Benerated in the coil in this time is 


'b) 50,000 J 
(2) 100,000 4. 


magnetic substance iy 


rature and the 


the mangctising field. The 


(6) Paramagnet 
(4) Diamagnet. 


cof resistance 1.6.2 is con- 
- 


‘ith a gulvanometer of 
6.42 resista: ce, T 


Ops an emf of 
difference between tw 


one junctis 


he thermocouple devel- 
10 wV ‘C+! temperature 
‘o junctions. When 


§ kept at O°C and the other 


57. 


yective) PRACTICE 
ina molten metal, the galvanometer Teadg 
10 mV. The temperature of molten. metal, 


i unawer, 
when emf varies linearly with tempera, B ML Mark the correct ¢ 
ture difference, will be nearly js corres’ 
(a) 1050°C, (b) 1190" C 
tot °C. 


Which of the following pairs has the same 
Sant ‘ 
(dl) 1545°C, 


+ mula? 
i 1 dimensions! re ential energy 
Which one of the following substances ig (a) Work and Poten i A 
not magnetic ? (by Density and Specific gravity 
(a) Drass (b) Cobalt (c) Force and Momentum 
ee eins (q) Sires and Strain, o 
ane nent ie sunita body of mass 10 kg is sliding down a 
(a) capacitance (b) magnetic field 2A ugh inclined plane which makes an 
(©) inductance (d) resistance, ae of 30" with the horizontal. If the 
Two electric lamps of each 40 W are con- covfficient of friction 1a 02s what is the 
nected in series. The power consumed by acceleration of the body ? 5 
the combination will be (a) 1.99 ms? (b) 2.78 ms" 
(a) 20 W (b) GOW is ationne? (d) 5.56 ms, 
epoaal wstoo Ws Which of the following pairs has the same 
Voltmeters V, and V, are connected in . dimensions ? % 
Series across DC line. V, reads 80 V and (ai Teguise and Momieiliusi 
has a per volt resistance of 200 9. V, has ssi heniiandltnteat weak 
a total resistance of 32 42. The line volt-. * (hb) Specific heat i 
age is {c) Moment of inertia and Moment of momen- 
tum 
(a) 120 V (b) 160 . , 
sion and tension (force), 
(c)220V (d) 240 V. (d) Surfnee ee ie ‘ie cae 
Keeping all other factors same, the 4, Aheavy uni! ame ain ae on pr aot 
umber of turns of n coil is doubled. The tal table top. If the coefficient of friction 
magnetic flux linked with the coil is between the chain and the table surface 
(a) doubled (b) halved | is 0,25, then the maximum fraction of the 
fc) trebled (d) quadrupled. length of the chain that can hang over one 
In a LCR series circuit, the AC voltage edge of the table is 
across R, Land C come out as 10V,10V (a)20% . (b) 25% 
and 20Vv respectiv ly. The voltage across (c) 35% (d) 15%. 
the entire combination will be 4 
tay 20-7 (05 5. A100 N force acts horizontally on a bluck 
ee babs of 10 kg placed ona horizontal rough table 
(20v (d) 10¥2 V. of coefficient of friction 1 = 0.5. Itgatthe 
| Place is 10 m 8-2, the acceleration of the 
block is 
| (a) Zero (bh) 10 ms? 
¥ (c) 5 m s-? (d)5.2 ms? 
| 6. A student foes from his house to his 
| friend’s house with speed v,. Finding the 


door of his friend's closed, returns back to 
his own house with the speed v,. Then the 
| Average speed of the student is 


553 


ER 


he following questions contain four alternatives out of which only one 
‘ach of the 


(b) Jews 


(a) 40+ 8 
2 


Dow 
Li ede 3 
7. The equation for the distance ‘s' of a 


particle along 2 straight line at time ‘t’ ig 
given by 


{c) (d) vw,. 


1 1 
fragt pats sagt 
The acceleration of the particle is 


(a) a, mo 
ay 2a, 
% a 2, 


8. The mechanical encrgy required to 
accelerate a body from 10 ms to 20 mst 
compared with that required to accelerate 
from 0 to 10 ms"! in the same interval of 
time covering same distance is 
(a) two times (b) three times 

(c) four times (d) five times. 

9. A force of 5 N moves the particle through 
adistance of 10 m. If 25d of work is per- 
formed, then the angle between the force 
and the direction of motion is 
(a) 0° (5) 90° 


(ec) 30° (d) 60". 


10. Angle that the vector A=2i+3j makes 


with Y-axis, where i and j are unit vee- 
tors along X and Y-axis respectively, is 


<4 2) 
(a) tan (6) tant 


(e) sin? (3) teycos"? (3} 


11. Acaris moving along 8 Lala aarare 
tal road with a speed of 72 padi the 
coefficient af static friction on 

res and the read is 0.5, the pier - 
coos in which the ear can be s 
Giveng =10m s* 


— 
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(90m 
(72m = 
12. A thin circular ring, 


(40 m 
().20 m, 
of mass M and radius 
Ris rolatiny about ity Nts With a constant 
velocity a. Two objects, each af my; 
Are attached gently to the Ting. The 
now rotates with an angular yy 
(a) MAm + M4) 
(oO MAM ¢ tm) 
13. The lower end of a capillary tube 
depth of 12 em f 
it. The mouth. 
an air bubble at 
of water columy 


m, 
wheel 
clocity 


(hyo M ~2MVM + ny 


Scum 


A te blow 


nd will bea on 
In, where x js 
mit 


(hyo 
tere Ae) 15. 

M4. A vessel contains ail (density 8rem) 
over mercury (density = 13.6 m7) A 
homogencous sphere floats With halfofits 

ersed in mercury and the 
other half in oil. The density of the mate- 
rial (in yx em-) ig : 
(aa (6.4 
r (T2 (N28 
15. 


Two point masses 
tance r ap; 


the system 


M, and M, are at adis- 
“irt. The moment of inertin of 


aboutan axis Passing through 
the centre of mass and perpendicular tn 


thie line Joining the two masses is 
(a) IM MOM, + Myre 
(OM, + MMMM, ar? 
(6) (OM, ~ MVM, + Myr 
(2) 10M, + MM, = Me, 


16. Agiven quantity ofan ideal 
eure P and 
isothermal 


gas is at pres- 

absolute temperature T. The 

bulk modulus of the Bas is 

2 

ar (QP 

a Pp yp 

te) 2 p (d) 2p. 

17. The reading of a spring balance, when a 
block is suspended from it in air is 60 N, 
This reading is changed to 40 N, when the 


block is submerged in water. The specific 
\ Rravity of the block must, therefore, be 


fa) 3 (62 
(6 (har, 


18, 


19, 


20. 


21, 


22, 


23. 


24, 


ut 


petitive Mh 


My 


a 


The temperature of a bo!) is inerensed 
from 27°C to 127°C, Ther aviation Chitted 
by it increases by a factor ot 
(a) 2508) nu 
(c) 4/3 “A, VUL7, 

The average translation Wc, rey and the 
Tms speed of molecules ina s1 M9 of axy. 
Ben gas at 300 K are 6,21 x 10?!) ang 


484 ms-l respectively, The corresponding 
values nt G00 K are nearly 


(a) 12.42 « 10-2", 968 mat 
(6) 8.78 « 10-7" 7, 684 ms"? 
(c) 6.21 « 10-215, 968 ms-! 
(1112.42 » 10,3, 684 ms-!, 
Th ratio of . 
of the monn i: 


t radius of the earth to that 
3.65. The ratio of the accel. 
cration due to gravity on the earth and 
the moon is 6. The rati 


0 of the escape ve- 
locity from the earth's surface to that from 
the moon is 
(a) 10 (b)6 
() 4.7 (d) 1.66. 


A body of mass m rises toa height h=R5S 
from the earth's surface where R is the 
Fadius of earth. Ifg is acceleration due to 


gravity at the earth's surface, the inercase 


in PLE, 
4 
(a) mgh (b) ra mgh 
5 6 
(1 & mah = mgh. 


To double the volume of a given mass of 
an ideal gas at 27°C keeping the Pressure 


constant, one must raise the temperature 
in degree centigrade to 


* (a) 54° (b) 270° 
(ec) 327° (d) 600°, 
A Carnot engine, whose sink is ata tem- 
Perature of 300 K, hasan cfliciency of 40%, 
By how much should the temperature of 


the source be increased, so as to increase 
the efficiency to 60%: ? 


(a) 380 K (h) 325 K 
(6) 275 K (d) 250 K. 
A rocket is launched vertically from the 
surface.to carth with an initial velocity u, 
the height up to which the rocket can go 


from the surface of earth, before falling 
back is 


(ny 50 Hs (dy 200, 
mtaining 
(c) 150 Sad at one end ane SU nen 
31. A He ed, when oS . veanibiei 
ie ae of frequency ore yental He 
rere taln ds, the 4 
; ends, the tun 
mee i] form velocity ‘open at both mS ncited is Cin Hz) 
ie ing with a uni the target and quency that cal one 
wink sting 
5, Neal afte pe le mass © a (a) 1024 (d) 128. , 
ae g mnss F ; atc initial tempt (c) 256 ual negative 
ho ific heat dlatent c of two eq n 
the ris, specie VY 475°C an stential encrey 1d 1 m apart i 
pis SPO int Pitenti Hace 
atte Link Ps 32. apne 
bum a5eC, MeMINE, n by set charges 2H 
ture 2 then give pain 
peat by mu’ air is aioe 
Le me(475 — 25)+ J (ay2d Tee . 
ae " (an t connected in 
S es istors are first co : 
meti7- 29)" ® a 33. n equal resis' ae ectéd in parallel 
: z ies and then imum to the 
Me nw aaa io of the maxim 
(475-25) MM ny Soe ciailno roti h 
_ = minimum resistance : 
_95)embL+— 1 
a) me(AT5 nm ing towards each ; (6) Es 
s are MOV! . (adn 
eroplane horn, The per: 
6. Two fthem blows aly 4 4 
7 ther. One? ¢ hears the sound. “ tay. 
2 in the other plan ian eos 
The a sells of emfs 3 V, 2.8 V and 1. 
caer Oe ced: pai Aare ted in series. Their internal 
saat (d) increases, ' eels oe 0.2 0,06 Mand 1a re 
esas i s kinetic resi s a ere 
iT rer cle aaa aN wt. The spectively. If ee avn a very 
* denen: 1% 7 \ resistan' 
ee value of PE i an external de 
smu ee low resistance ammeter, whet wou 
i ‘de the reading of the ammeter ? 
ne (d) not obtainable. ies a ae 
te) ; 
d to be 
ssuming the speed of sound 
ne Sana fundamental frequency of ‘ — 
27.5 cm long wind pipe closed at one en 
correspond to 
{a) 550 Hz (b) 360 Hz. Z 
(c) 300 Hz (d) 120 Hz. = ; ; 
: of 6.4 N stretches a vertical spring 4 
= eatnt The mass that must be Fig. 1 
suspended from the spring so that it iad ieKx 
oscillates with a period of (4) second is ioea ed 
(a) (4) kee (b) kg se ee 
(c) Un) keg (d) 10 ke. 


30, A source of sound emitting a tone of 
frequency 200 Hz moves towards an 
observer with a velocity v equal to the 
velocity of sound. -If the observer also 
moves away from the source with the fame 
velocity v, the apparent frequency hea! 
by the observer is 


state current . 
ina 2 Q resis- 
tor when the 
internal re- 
sistance of the 
battery 3s Oe 
iible an 
lanai of the capacit 


Fis: 2 : 
uf is O.1 PF is 
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38. 


39. 


2Vv 309 209 
. 8 c 
Fig. 4 
(a) 745 A 115 4 
© W10A () V5 A. 
A current J flows along the 


infinitely long, 


length of an 
Then 


‘straight, thin walled pipe. 


(a) the Magnetic ficld ot ii 
nem tall points insi 7 
Pipe is the same, but Not zero sande the 
(6) the magnetic field at Any point inside the 
pipe is zero 
(c) the magneti 
of the pipe 
(d) the magnetic field is differe 
Points inside the Pipe. 
A magnetic dipole is p1 
Of stable cquilibrium in a uniform 
magnetic ficld of induction B, If it is 
rotated through an angle of 180°, then the 
work done is 


¢ field is zero only on the axis 


mt at different 


laced in the position 


u 


tlio PHY siog (Obj 


© My ) 2M 
: A battery otemt ap () Zer0, 
co Oe 
"90.5 ig me tO. Aternal rog: 
sistance SonneeL at nae 
pow Pe value arene YtFinble 
p clivered wel Ma Of Which thy 
@)209 = 
(2) 1.0 ¢ oan 
a (dos 
Know 8 that EeE fC ‘al 
te time for wh yc 20088 ge-t 
fan ha stead ces 
mn St bass thr eh a cop, ene of20A 
deo 10 at “Ppa Voltameter to 
ighly thode js 
(0) 15 min (8) 20 
(©) 25 mi Bates 
ia m mae, (a) 30 min, 
suspect of magmetie Moment Mis frog}, 
strength Bees Uniform magne fold. 
hee “le Work done in deflecti, bs 
Ce) Mt hrourh an anglon is iven 
(8) MB sing . 
(©) MB cos 9 'd) MBA ~ eas 0) 
43. A tanger 


‘nt galvai 
tor 1 Aj pomietei 


hen a curre 


; Atoll A ig 

it the deftection produced ig noe HeouBA 
{a)60° (8) 30" 

(c) zero tease 


44, An clectric kettle t 
brings one litre of wi 


aking 3 A at 200 v 
boiling point in 10 


ater from 20°C to the 


a minute. Its efficiency 
(a) 33.3% ; (6) 66.6% 
(c) 7.7% (d) 93.3%, 

45. The Susceptibility 


of a diamagnetic sub. 
stance 


(a) increases with te 
(b) decreases With t 
(c) does not vary wi 


mperature 
emperature 


ith temperature 
(d) first decreases and then inere. 


increases in temperature, 
46. A house wiring supplied with a 220 v 
supply line is protected by a6 A fuse. The 
maximum number of 60 W bulbs ig 
Parallel that can be turned on is 
(a) 11 (b) 22 
(ce) 33 (d) 66. 


ases with an 


dsa 

- peing moved towar' 

net i aed not depend upon 
e 


of tums of the coil 


uA et 
_ he magn 
motion oF ENE or the magnet 


resistance Hoop Bohaves like 
cayre arming its aren and M its 


n 
magnel ‘fe eurrent in the loop 


nctie momen 


(by AML 
(d) AM. ‘ . 
) MA of current in the coi 
fchange . 
7) ifihe rhe the induced emf is equal to 
js unity. 


jent of selfinduction 
clei fs linked with the coil 
{b)- mat 


number ofturns in the coil 
fon 


(a 


ie 135 of the coil. 
Se resonant circuit, the AC volt- 
go, Ina stres R, inductance L and eapaci- 
OF ee ate & V, 10 V, 10 V respectively. 
tanel Gvoltage applied to the circuit will 


(at 


ae y “(y20ve? 
@1ov (d)5V. a 
51. The peak voltage of 220 V AC mains is 
* (@iss6V (b)220V 
(311V (d) 440 V, 
52, Todelect infrared radiation we use 
(a) pyrometer (b) spectrometer 


(c) bolometer (d) cloud chamber. 


53. The speed of electromagnetic radiation in 
vacuum 


(a) increases from radiowaves to y-rays 
(b) decreases from radiowaves to rays 
(c) depends on the source of radiation 
(d) is the same for all components. 


54. Aperson uses spectacle of power + 2D. He 


is suffering from 


557 


myopia 
(a) short sightedness or ; 
(b) lofts sightedness or hypermetropia 
(c) presbyopia (d) astigmatism. a 
H 00 cm? film 
jector magnifies a 1 tint 
aaa See Ifthe linear meant 
tonts 4, the area of magnified filmon 


screen is A 
(b) 1600 em 
00 em? 
3 ba ger = (d) 200 em? 
(c 


ism is 60° and its refrac- 

ingle of a prism is 50" d 

= ie index is 1.5. There willl be no oe 
gent light if tho angle of incidence on 
first face is 

(a) equal to 30°” 

(cd tess than 27° 


(b) equal to 60° * 
(d) more than 30°. 


- 67. Aray of light passes through an equilat- 


incidence 
ism such that the angle of inci 

anal to the angle of emergence and the 

latter is equal to 1/2 of the angle of prism. 
The angle of deviation is 
(a) 20° (b) 0° 

(ec) 39° (d) 45°. - 
‘3d i i it, the 
68. Ina Young's double slit experiment, 

fringe width is found to be 0.4 mm. Ifthe 

whole apparatus is immersed in water of 

refractive index 4/3 without disturbing the 

geometrical arrangement, the new fringe 


width will be 
(a) 0.3 mm (6) 0.4 mm 
(b) 0.63 mm (d) 540 microns. 


59. Radiowaves and visible light havo 
(a) same wavelength but different velocity 
(b) same velocity but different wavelength 
(c) different velocity and different wavelength 
+ (d) same velocity and same wavelength. 
G0. The velocity of electromagnetic radiation 
in free space is 
(a)O ms! 
(c)3 x 10% ms! 


(b)3 x 101 m 6! 
(d)310 mer, 
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A SPTing ©: 
Potentiny e 
of the «, 


(in 
(065 
(3 
3. 


3 
{ay 2 
(ay 5 


tey 2 
4 


5. A solid sphefe 


Sem roll 


the sphere is 

(a) 7x 10-725 

(ce) 7'« 104, 
6. Anide: 


The amount of } 
(a) 2000 3 
{c) 8000 J. 


8 without slippi 
of 10 cm &-!. The taney, 


‘al heat engine operat 
cycle between 22° 


10* joule of hea 


0.6 kg m2; 
INK speed of RS 


Angular 


kg mvs) ig 


of mass 


()7 «103, 
(d) 700 J. 


7°C and 127°C. It absorb 


heat converted to work is 
(6) 4000.3 


t at higher temperature, 


to 


"100g and tadius 

ng with a Velocity 

otal kinetic energy of 
wey 


ina Carnot 


1S 


(d) 5600 J, 55 


558 


10, 


n 
ll, 


12, 


> Actaris mo 


» Thes; 


* (2) 12100 K: 


ving: 
track of radive tpn os 


With the track 
(9) Zero 
(c) a5" thee 
08, 
Spectral energy q ' 
(temperatures 6050.K) 
at 4758 A: Tho temp: 
Which maximum 
(a) 6050 K 


(0) (62.5) h 
(©) (2.5/6) h.,. - bee 


an = at (d) 62 bh 
‘Wo idtintica) metaitic balls mt-to.: 
i Is att - 
aoe ore and 400°C arg Keptinets 
» The rati 

nie tatio of net heat loss by these 
fa) 1:2, (bh) lsd 

i) 

(1:16 * (a) TS ~ 3004) 


2 
0 kcal of heat 


0 Sravity aa 
te bravity,on 
the poten: 


() Imgh 


) = mgt 
(c) mgR (d) 4 meh 


559 


ine rates in a 
at engine operaers 
i ace ga7T'c and 121 ct 
ie 10! cal at higher dente ‘ - 
‘ s amount ‘of heat converted 1m) 
ture. THe 


is 


(by 2.5 x 108 eal 
GE) WR" 10% cal. 
between the carth and the 
fits present value, the 
ina year would have been 
(hy 129 


' Ifthe distance 
gun wore hal 
‘ qumbor of days 


(a) 645 WT. 
(ce) 182.5 


imeter, through 
a chows a venturimeter, 
15, Figs 1 SHOWS “owing. The speed of we 
: ve is 2ems The specd of water at 
. der at X is pe 
Yis (taking 000 em #}7) 


Fig. 2 
(b)2C 
(d) none of these. 


(a) C 
(c) C2 one : 
20, An clectron of mass M, initially at rest, 
moves through at certain distance ina uni- 
form clectric ficld in time’t,. A proton of 
mass M,, alos initially at rest takes time 
t, to move through an equal distance in 
this uniform electric field. Neglecting the 


wa a ty ; 
effect of gravily, the ratio y is nearly 
equal to 

M 

en! 
(a) 1 (b) M, 
ae (a 1836, 


Fig. 1 


P 


’ 21. ‘The maximum acteleration of a body ex- 
(ay zaeme" (hb) AZ cm aw 


ccuting SHM isa) and maximum velocity 
is vp. The amplitude {a given by 

(a) ogling (b).aquo 

(c) 2/0, (d) Want. 

22. Whon a chargo of 3 C is placed in a uni- 
form, clectric field, it experiences a force 
0€ 3000 N, Within (his field, potential dif-, 

© ference between two point roparated by a 
distance of 1 cm is ee Agee 8 
i) 10V (6) 90V 
(c), 1000 V (d) 3000 V. 

23, Tho motion of a particlo is oxprossed by 
the equationa =-4X wherea is the nccel- 
eration, X is the displacomont from the 
oquilibrium position and & 18 q constant. 


{e) 101 cm (dy 1024 cms! 
16, ‘A gas mixture consists of 2 moles of oxy- 
gen and 4 moles of argon at temperature 
T. Noglecting all vibrational modes, the 
total internal onergy of the syxtem is. 
(a)4 RT (b) 15 RT. 
(ONT (1) LRT. 
17. The audible frequency range ix 
(a) 20 Elz ta 2000 Hz (b) 10 Hz to 20 Hz 
(¢) 20 Hz. to 20,000 Hz. (12) 20 Hz to 100 Tz. 
18. The displacement y (in cm)is given in 
+ terms of time ¢ (in 8) by the equation 
y= 8 sin (314t) + 4 cos (3140), 
The amplitudo of SHM is. 


(a) Some oe 0b) dem Tha periodic time willbe, 
{e) Bem oT em. y (ad2nb i) 2b) ano 
19. Tho cquivalent cnpacity of the combina- (0) 2nvb (ay 2ynb. 


‘ Uonishown in Fig..2 in 
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24. A particle of mass m is executing 
oscillation about the origin on the x-axis, 
its potential energy is U = kx}, where hig 
& positive constant. If the amplitude of 
oscillation is a, then its time Period T is 

(a) proportional to Wa 


(d) independent of a 


(c) proportional to Ja 
(d) proportional to a? 


25. Two capacitors of capacities 2 pF and 
4 uF are connected in parallel. A third ea- 
Pacitor of 6 1F capacity is connected in 
series. The combination is then connected 


across a 12 V battery. The voltage across 
2 uF capacitor is 


(a)2V 


()6V 
(c) BV 


(lv. 

26. A capacitor is charged to store an energy 
U. The charging battery is disconnected. 
An identical capacitor is now connected to 
the first capacitor in parallel. The energy 
in each enpacitor is now 
(a) 3 U/2 (b)U 
(e) Ul4 «ay ure. 

27. Inn, is the resonance frequency of a pipe 
open at both ends and n, the resonance 
frequency of a pipe open at one end only 

. and both are vibrating in the fundamen- 


tal modes, and the pipes are of the same 
length then 


(a)n, =2n, 


(b)ny= ny 
(c) ny =n, 


(d)3n, = 4n,. 
28. The cells X and Y are connected as shown 


in Fig. 3. The potential difference between 
terminals A and B is 


(a)5.4V 


(b)5.6.V 
(c)5.8V 


(d) 6.0 V. 


 —e 


Emporium: Competitive Physics (Objective) « 


29, 


30. 


31. 


32. 


33. 


A wave of frequency 250 Hz is produced 
in iron in which is velocity Is 4800 m/s, 
Now it passes into nirin which its velocity 
is 332 mv, Its wavelength in iron will be 
(a) 4800 x 3327250 (b) 4800/2650 


(e) 3427250 (d) 4800250 x 332), 

n conductors, each of resistance r, when 
connected in parallel, give an effective 
resistance R, What will be resistance, if 
they are connected in series ? 


R 
AR 
(a) n’ (b) Ww 
2 2 
o& me, 
n Tr 


To get maximum current in a resistance 
of 3 ohm, one can use n rows of m cells 
(connected in series) connected in parallel. 
If the total number of cells is 24 and the 


- internal resistance of a cell is 0.5 obm, 


then 
(a) m= 12,n=2 


(b)m=8,n23 
()m=6,n=4 


(d)m=2,n=12, 


In the given network Fig. 4 of resistors, 
the ammeter A will read 


son 


Fig. 4 
(a) 50 mA 


(6) 200 mA 
(c) 500 mA 


(d) zero. 

Through a magnetic ficld, positively 
charged particles are passed. The direc- 
tion of the magnetic field is along the di- 
rection of motion. The particles will 

(a) not be deflected F 
(6) be deflected but their speed will not change 
(c) be deflected and their speed will change 


(d) not be deflected but their velocity will 
change. 


practice PAPERS 
i in Fi heat pro- 
i t shown in Fig. 5, the 
ii apres 6 ohm resistor duc to acurrent 
u 


34. 


iti i d. The 
ing in itis 10 calorics per secon 
so roduced in 4 ohm resistor is 


35. 


36. 


37. 


38. 


39. 


Fig. § 

(a)1cal persecond = (b)2 cal per second 
(c)3 cal per second (d) 4 cal per second. 
‘Two identical heaters, each marked 1000 
watt and 250 volt are placed in parallel 


0 
i ch other and connected to a 251 
a eet. Their combined rate of heat- 


ing will be 
(@) 250 W (6) 500 W 
(1000 W (d) 2000 W. 


in magnetic needle vibrates in the 

Hae latte with a period of 4 second. 
The ncedle is cut into two halves bya plane 
normal to magnetic axis of the needle. 
Then the period of vibration of cach half 
needle is approximately 
(a)4s (b)25 

(c) 85 (d)1s. 

A short magnetic needle is pivoted in a 
uniform magnetic field of strength 1 T. 
When another magnetic field of strength 
BT is applied to the necdle in a perpen- 
dicular direction, the needle deflects 
through an angle 6, where 6 is 

(a) 45° (b) 90° 

(c) 60° (d) 30°. 

The emf of a copper-nickel thermocouple 
in pV per °C is given by E = 16.34t- 0.0202, 
The thermo electric power at 100°C in 
HV °C-'s-! will be . 
(a) 12.5 

(c) 10.0 


(b) 12.34 * 

(d) 20,0. 

Ten identical electric bulbs, each rated 
220 V, 50 W are used in parallel on 220 V 
lines for 10 hours. per day in a month of 
30 days, Then the electrical energy con- 
sumed in kWhis , 
(a) 16 

(c) 1500 


(b) 150 
(d) 15000. 


561 
40. At the magnetic equator, the angle of dip 
would be 
(a) 0° (b) 45° 
(c) 90° (d) 180", 


41. A solenoid of 1.5 m length and 4.0 em 

- diameter possesses 100 turns per cm. A 

current of 5A is flowing through it. The 

magnetic induction at axis inside the 
solenoid is 

(a)2 nx 107T 

()2xx107G 


(b) 2xx10*T 

(d) 2x 10°C. 

42. An AC source is connccted to a resistive 
circuit. What of the following is true? 
(a) Current leads ahead of voltage in phase. 
(b) Current logs behind voltage in phase. 
(c) Current and voltage are in same phase. 


(d) Any of the above may be true depending 
upon the value of resistance. 


43. A simple microscope consisting of a lens 


of focal length f forms final image at 
distance of distinct visiond. Its magnifying 


power is 

ied wa 
d 

OF w-4, 


f 
44. An alternating voltage is connected in 


series with a resistance R and an 
inductance L. If the potential drop across 
the resistance is 200 volt and across the 
inductance is 150 volt, then the applied 


voltage is 
(a) 350V (b)250V 
(c) 500 V (d)300 V. 


46. A coil of inductance L has an inductive 
reactance of X, in an AC circuit in which 
the effective current is L The coilis made 
from superconducting material and hasno 
resistance. The rate at which power is dis- 
sipated in the coil is 
(a)0 . XK. 
(c) PX, : 

46. two cuherent monochromatic light beams 
of intensities I and 4I are superposed. |. The 
maximum and minimum possible inten- 


sities in the resulting beam are 
(a) Stand T (6)9TandI 
(c) 51 and 31 (d) 91 and SI. 


— 
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(n- 4 tive index 
3) Rew fringy 


48, 


YS, radiowaves 


» ullraviolot Thys 
‘ation, microwaves 
Tays, X-rays, 


'Y5, Visible light, 
infrared Tadi: 


49. » ultraviolet, 


Plied to light Source, 
n's Photoclectri, 
=Av~9). E, refers to 
(a) kinetic energy of all 
(6) maximum 


50. In Einstei © equation (E, 


; the emitted electrons 
kinetic energy of the emitted 
(c) mean kinetic energy of the emitted elec 
trons 

@) minimum 


kinetic energy of the emitted 
electrons. as 


51. Which of the following statements about 


electromagnetic waves is/are correct 7 


1. X-rays in vacuum travel faster than 
light waves in vacuum. 

2. The energy of an X-ray photon is 
greater than that ofa light photon, 


3. Light can be polarised but X-rays can- 
not. 


(a) Land2 
(c)1,2and3 
(c) 3 only. 
52. Aconvex lens of 1 = 1.5.has a focal length 
of 18 cm in air. The change in focal length 
of the lens when immersed in water 


(6) 2and3 
(d) 2 only 


(yu = 4/3) is 
(a) 18 cm (6) 72m 
(c) 36 cm (d) 54 em. 


E 


53, 


Ba, 


55, 


G6. 


57, 


58. 


(kjccting ) 
Which of 


he following 


i 
fal Ay MMM Ace ay 7 PTC CHRON Tonre 
a x. 2 Dre 


* Moving With a vero. 
ofthat oflight will erase ¢ mueee’ Aton, 
(a) 10475 (8) 19-21. 28 About 
(©) 10-125 ee 


(dd 10% 4, 


(6) Real and erect 
(c) Real, inverted and diminished 
(d) Real, inverted a: 
object. 

A concave Mirro, 
Produces on ima 
object. If the imi 
tance of the obj 


nd ‘of same size as the 


F Of focal ten, 
Be twice ‘the 
age is real,’ th. 


Bth 20° em 
8120 ofthe 


ect from the mirror, is 
(a) 20cm (6) 10 em 
(c) 30 em (4) 60 cm, 


In beta decay 

(a) the daughter nucleus has one 
than the porent nucleus. ° 

(8) tho parent and the daughter nuclei have 

* the same number of protons 

(¢) thodaughter nuetous has one neutron more 
than the parent nucleus 

{d) the daughter nucleus has one proton less 
thon the parent nucleus, 

A bultet is fired from a gun. The force on 

the bullet is given by: F = 600-2 x 105, 

where Fis in newton and in seconds. The 

force on the bullet becomes zero as soon 

as it leaves the barrel. What is the aver- 

age impulse imparted to the bullet 2? 

(a)0.9Ns ()1.8Ne 

()4.9Ne (d)ONs. 

A ball of mass 0.1 kg coming with a speed 

of 40 m s~! strikes a'bat and returns in 

Opposite dircction with a speed 30 

m s~!, Then, the impulse is 

(a) 4 kg ms7 (b)3kg mr! 

() L kg moe (4) 7 kg ms", 


Proton more 


en the dis. . 


SE" 


paaccl 


60. 


Twa bodies ©! 
and having m 
the same ve 


d m,(m, > mz) 
f masses m, and m,(m, > m 

nomenta p, and py move with 
locity. Then, which of the 


follawing is correct ? 


(a)p,>p, 


(8) p, <p, 
() py Pz 


(c) None of these: 


ANSWER: 


PRACTICE PAPER 1° 
40 (b) | 6. (a) 6. (ay 
°: ai 10. (b) 11. (d) 12. (by 
16, (a) 16. (a) 17. "(b) 18. () 
21. (b) 22. (b) 23. (b) 24. (d) 
27. (a) 28. (a) 29. (c) 30. (c) 
33, (c) 34. (d) 38. (d) 36. (d) 
39, (a) 40. (d) 41, (6) 42. (d) 
46. (a) 46. (a)" 47. (d) 48. (a) 
B1. (ed) + B2. (c), 53, (c) 54. (6) 
87. (a) 6B. (d) 89. (a) 60. (a). 
PRACTICE PAPER 2 
3. (a) 4. (a) 6. (2)' 
9 (d) 10. (b) 12, («)! 
15. (a) 16, (b) 18! (a) 
21. (0) 22. (c) 24! (a) 
27. (a) 28, (c) 30. (a)! 
33.) (c) 34, (b) 38. (a)! 
9. 40. (d) 42: (d) 
4B. (c) 46. (by 48. (a) 
61, (c) 62. (c) 54. (6) 
87. () 5B. (a) ! 60, (0), 
PRACTICE PAPER 3 
a. (@) 4. (a) 6 (a) 
(9. (d) 10. (d) 12. (a) 
18. (6) 16. (d) ia. (© 
21. (a) 22. (e) 4. (a) 
27. (a) 28, (b) ” $0." (a) 
33. (a) 34, (b) 98. (8) 
39. (b) 40. (a) 42. (c) 
_ 45. (a) 46, (0) 48. (d) 
61. (a) 52. (d) i aM 
67. (a) 58. (a) 
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